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ABSTRACT 
Stand composition and eleven site factors were s ampl ed in 49 stands 
in the Great Smoky Mountains in which the pine overstory had been kil l ed 
by the southern pine beetl e .  Replacement community types were 
determined using cluster analysis of relative densities for 21 common 
species . Absol ute densities for total stems , total pine , total oak , and 
eight individual species in the overstory, understory, and reproduction 
strata were related to sel ected site and vegetation variabl es by 
correl ation and stepwise multiple regression . 
Infestations greatly reduced the importance of pine in all  
replacement stands , converting most  pine dominated stands to mixed pine­
hardwood .  Pine reproduction was minimal in all  cases . Al l stands 
appeared to be in early stages of recovery , and canopy closure was very 
low . 
Six replacement types were derived . The red mapl e-dogwood type 
occupied low elevation, lower s lope, old field sites . The red maple­
sourwood type occurred on mid elevation broad ridgetops and protected 
upper s lopes . The blackgum-mixed pine type occurred on mid elevation, 
mid to upper s lope, exposed sites . The mixed pine- scarl et oak and the 
Virginia pine-bl acgum types occupied exposed ridgetops and upper slopes 
at mid to l ow el evations . The table mountain pine-pitch pine type 
occupied high elevation kil l s  on steep , exposed , upper slope positions . 
Important environmental factors influencing replacement stand 
composition and dynamics appeared to be elevation, incident sol ar 
radiation, topographic position, and soil nutrient avai l abil ity. 
iv 
Future composition of replacement types was proj ected based on 
present composition and site conditions . The red maple-dogwood type 
wil l succeed to stands dominated by mixed hardwoods and white pine . In 
the red maple-sourwood type, the blackgum-mixed pine type , and the 
Virginia pine-blackgum type, chestnut oak wil l  eventual ly  dominate with 
scarlet oak and scattered pines in the canopy . The mixed pine-scarlet 
oak type wil l  succeed to stands dominated by scarl et oak with residual 
pines as associates . Canopy closure wil l  remain very open in the table 
mountain pine-pitch pine type due to the suppression of regeneration by 
dense mountain laurel , and the overstory wil l  consist of wide ly spaced 
scarl et oak s  and residual pines . 
v 
TABLE OF CONTENTS 
CHAPTER 
I .  INTRODUCTION 
I I  • THE STUDY AREA 
I I I . 
IV . 
v. 
Physical Features • 
Substrate • •  
Climate • • • • • • 
Vegetation 
Human Influences 
SELECTED LITERATURE • 
Southern Pine Beetle Outbreak and Attack 
Characteristics • • • • 
Infestations and Stand Conditions 
Southern Pine Beetle Epidemics in the Smokies • 
FIELD METHODS 
RESULTS AND DISCUSSION 
Replacement Types • 
Introduction • • • • • • • • • 
Methods . . . . . . . . . . 
Red Mapl e-Dogwood Replacement Type 
Red Mapl e-Sourwood Replacement Type 
Blackgum-P.lixed Pine Replacement Type 
Virginia Pine-Blackgum Replacement Type • • • • • 
P.lixed Pine-Scarlet Oak Replacement Type • • 
Table P.buntain Pine-Pitch Pine Replacement Type • 
Correlation and Regression Analysis • 
P.fethods • • . • • • • • • • • • 
Site-Site Correlations • • • • • • • • • • •  
Herbaceous and Shrub Cover-Site Correlations 
Overstory Relationships . • • • • • • • • 
Total overstory • . • • • • • • • 
Pine overstory • • • • • 
Oak overstory • • • • • • • • • • • 
Red maple overstory • . • • • • • • . 
Blackgum overstory • • • • • • • • • 
Dogwood overstory • • • • • • • • • • • 
Understory Relationships 
Total understory 









1 0  
1 3  
1 3  
15  
17  






















6 1  
6 1  
6 2  
CHAPTER 
Oak understory 
Red maple understory . . • . . 
Blackgum understory . 
Dogwood understory 
Reproduction Relationships • • • • 
Total reproduction 
VI . 
Pine reproduction • . . . 
Oak reproduction 
Red maple reproduction 
Blackgum reproduction • 
Dogwood reproduction 
SU� RY AND CONCLUSIONS • 
Summary . • .  
Conclusions . . 
LITERATIJRE CITED 
APPENDIX . 
VITA • . •  
. . . .  
. . . . . . . . 
. . . . . 
. . . . 




















LIST OF TABLES 
TABLE 
1 .  Mean Site Variables for Replacement Types 
2 .  Estimated Relative Canopy Pine Volumes for Replacement 
PAGE 
86 
Types before and after Infestations 8 7  
3 .  Mean Cover Estimates for Replacement Types • 88 
4 .  Composition of the Red �mple-Dogwood Replacement Type 
According to Relative Density of Overstory • • • 89 
5 .  Composition of the Red Maple-Sourwood Replacement Type 
According to Relative Density of Overstory • • • • 92 
6 .  Composition o f  the Blackgurn-t-1ixed Pine Replacement Type 
According to Rel ative Density of Overstory • • • • 94 
7 .  Composition of the Virginia Pine-Blackgum Replacement Type 
According to Rel ative Density of Overstory • • • • • • • • • 96 
8 .  Composition of the �fixed Pine-Scarlet Oak Replacement Type 
According to Relative Densi ty of Overstory • • • • • • • • • 98 
9 .  Composition of the Table Mountain Pine-Pitch Pine 
Replacement Type According to Relative Density of 
Overstory . . . . . . . . . . . . . . . . . . . . 
· 1 0 .  Simple Linear Correlations between Site and Cover 
Variables . . . . . . . . . . . . . . . . . 
1 1 .  Simple Linear Correlations between Overstory Absolute 
Densities and Site and Cover Variabl es • • • • • • • •  
1 2 .  Simple  Linear Correlations between Overstory Absolute 
Densities . . . . . . . . . . . . . . . . . . . . . . 
1 3 .  Simple Linear Correlations between Understory Abso lute 
Densities and Site and Cover Variabl es • • •  
14 . Simple Linear Correlations between Overstory and 
Understory-Reproduction Absolute Densities • 
1 5 .  Simple Linear Correl ations between Understory Absolute 









i x  
TABLE PAGE 
16 . Simpl e  Linear Correlations between Reproduction Absolute 
Densities and Site and Cover Variables . . . • • • 1 08 
1 7 .  Simple Linear Correlations between Understory and 
Reproduction Absolute Densities . • • • • . . • . 1 09 
1 8 .  Simple Linear Correlations between Reproduction Absolute 
Densi ties . . . . . • • • . • . . • • 1 10 
1 9 .  Regression Equations for Total Stem Absolute Densi ty 1 1 1  
20 . Regression Equations for Pine Absolute Density • • • • . 1 1 2  
2 1 . Regression Equations for Table Mountain Pine Absolute 
22 . 







Density • • • • . . . . . • • • • • . • • . 1 1 3  
Regression Equations for Pitch Pine Absolute Densi ty • . 1 14 
Regression Equations for Virginia Pine Absolute Densi ty 1 15 
Regression Equations for Oak Absolute Density . . . . 1 16 
Regress ion Equations for Scarlet Oak Absolute Density 1 1 7  
Regression Equations for Chestnut Oak Absolute Density 1 1 8  
Regression Equations for Red �mpl e  Absolute Density 1 19  
Regression Equations for Blackgum Absolute Density 1 20 
Regression Equations for Dogwood Absolute Density . . . I I 1 21 
CHAPTER I 
INTRODUCTION 
In the past twenty-five years there have been two outbreaks of the 
southern pine beetle  (Dendroctonus frontal is Zimm. ) in the Great Smoky 
Mountains National Park in Tennessee and North Carolina . The first of 
these lasted from 1 954 to the winter of 1957-1958 ,  and the second more 
extensive outbreak began in the fal l  of 1 967 and continued at varying 
intensity through the winter of 1 976-1977 . Patches of dead pines from 
the l ast epidemic can be seen throughout the western half  of the Smokies 
evincing the intensity of the outbreak . At its height in the l ate 60's 
and early 70's the U .S .  Forest Service reported the brood densities in 
the Smokies were among the highest on record for the south (Ward et al . ,  
1 97lb) . 
National Park Service pol icy for deal ing with pine beetle outbreaks 
in the Smokies has varied . Between 1954 and 1955 , 1 3 , 295 trees were cut 
and treated at a total cost of over $28 , 000 in an effort to control the 
epidemic (National Park Service,  1955a; 1955b) . During the last  outbreak , 
however, no control methods were initiated, and the infestations were 
allowed to run their course. This passive management pol icy is  in 
keeping with the long-term goal of reinstating natural processes with 
minimal human interference on National Park lands . 
Although the National Park Service currently accepts periodic 
outbreaks of the southern pine beetle (Wiggens , 1 969) , the impact of 
infestations on the vegetation of the Smokies has not been investigated . 
1 
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Disturbance to forest stands by pine beetl es is  discriminating and 
concentrated . Because of the aggregate attack behavior of the beetle ,  
individual infestations are highly locali zed, kil l ing from one to  several 
hundred trees in easily defined clusters. Within a cluster, or "hot 
spot , "  the beetl es kil l  primarily  yel low pines (i . e . , in the study area 
pitch, table  mountain, Virginia, and shortleaf pines) and occasional ly 
white pine whil e  l eaving associated species undamaged and soil litter 
in p lace . Such infestations are intensive , often completely eliminating 
pine from the canopy. 
Factors determining the occurrence of southern pine beetle 
infestations are comp licated . Diversity in soils ,  elevation, topography, 
land-use patterns , and disturbance to the forest , both natural and 
artificial , have created a complex distribution of yel low pines in the 
southern Appalachian region . Many of these same variables interact with 
southern pine beetle populations to influence the severity and duration 
of the attack . 
In order to eva luate the effects of the southern pine beetle in the 
Smokies, the obj ectives of this study were ( 1 )  to characteri ze the 
present composition and seral position of replacement stands fol lowing 
beetle-kil l s  in the Smokies , (2)  to describe selected site variables and 
to relate these tQ vegetation , and (3) to proj ect potential forest cover 
on beetl e-kil l ed sites in the absence of further disturbance .  
CHAPTER I I  
THE STUDY AREA 
A .  PHYSICAL FEATURES 
The Great Smoky Mountains are a segment of the Unaka Mountains,  a 
maj or unit of the Blue Ridge Province (Fenneman, 1 938) . The 1 14 km 
(71 mil e) range borders eastern Tennessee and western North Carol ina 
and is encompassed in the Great Smoky Mountains National Park. 
Maximum topographic  relief is 1768 meters (5802 feet) ranging from 256 
meters (840 feet) to 2024 meters (6642 feet) . 
The sampling sites for this study were located in the northwestern 
quarter of Great Smoky Mountain National Park in Blount and Sevier 
County, Tennessee (Figure 1 ) . Plots were in former pine stands kil led 
by southern pine beetles and were on outlier ridges and ravines away 
from the central crest of the Smokies . 
Within the sample,  maximum topographic relief was 942 meters 
(3090 feet) and ranged from 338 to 1 280 meters ( 1 1 1 0-4200 feet) with a 
mean elevation of 713  meters (2339 feet).  The maj ority of beetl e  ki l l s  
encountered were on upper ridge and ridgetop positions , although the 
few kil l s  found at lower s lope and draw sites were also inc luded in the 
sample.  Slope angl e  varied from l evel ridgetop to  over 60% s lope .  
Aspects were wide ranging, but were primarily southwest to southeast . 
3 
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Figure 1 .  Locations of sample plots in the Great Smoky Mountains National Park. 
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B .  SUBSTRATE 
The geology of the Great Smoky Mountains is  ancient and complex .  
Rocks are predominantly Precambrian and have been greatly affected by 
folding, faulting, metamorphorism, and weathering (King et a l . , 1968) . 
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Geologic substrates for al l sampled sites were later Precambrian 
sedimentary rocks of the Ocoee Series . Most low elevation plots were 
overlain by the Wi lhite Formation of the Walden Creek Group . Rocks in 
this formation are mostly si ltstone with some conglomerate and quartzite 
and with occasional l imestone and dolomite lenses (King et al . ,  1968) . 
Sampled sites at higher elevations were on Elkmont and Thunderhead 
Sandstones of the Great Smoky Group . Both sandstones are somber grey, 
and are principal ly composed of quartz and potassic feldspar grains 
(King et al . ,  1 968).  
The maj ority of mid elevation sites were on Cades Sandstone, an 
unassigned formation of the Ocoee Series . Rocks are thick-bedded, l ight­
colored feldspathic sandstones with occasional agri l laceous interbedding . 
Other mid elevation sites were underlain by the Snowbird Group consisting 
of the Roaring Fork Sandstone and the Metcal f  Phyl lite formations . 
Roaring Fork Sandstone is feldspathic quartzite interbedded with 
phyl l itic agril laceous and silty rocks. Metcal f  Phyllite rocks are 
simil ar but show l ess sedimentary structures (King et al . ,  1 968).  
Soil s  in the Smokies have been general ly mapped, but detailed 
information is  l imited . Below 305 meters ( 1000 feet) in elevation 
Hapludults of the Ultisol  order are common on exposed sites , and 
lnceptisol s ,  mainl y  Dystrocrepts , are prevalent at higher elevations 
6 
(Springer et al . ,  1975; M .  Springer, Personal Communication) . Golden 
( 1974) found Typic or Lithic Dystrocrepts under his high elevation pine 
types in the central Smokies.  
Deep soil s  are common in coves and on protected sites whi le  soil s  
are general ly  thin on steep slopes and exposed site s .  For this study 
soil depths were defined as fol lows: deep > 2 meters , moderate < 2 
meters > 85 em, and thin < 85 em. 
The u.s. Soi l Conservation Service survey maps for Blount and Sevier 
counties include al l of the sampl ed areas in the Ramsey soi l series 
(Elder, 1 959; Hubbard, 1 956) . Ramsey soil s  are general ly described as 
thin , poorly developed, strongly acid, and low in fertility.  They are 
derived from sandstones ,  quartzites , shales, s l ates , and conglomerates 
and are residual l ithosols  commonly on steep to very steep slopes 
(Elder, 1 959) . 
Within the Ramsey series , survey maps showed the sample plots to 
be on four soi l types . Seventy-six percent of the plots were on Ramsey 
slaty silt  loam steep or very steep phases . Al l p lots within this map 
unit were at low to mid elevations . Ramsey s l aty silt  loam has a rapid 
percolation rate and low water-holding capacity, and. i t  is moderately 
fertile  and of medium acidity (Elder, . 1959) . 
Plots above 915  meters (3000 feet) in elevation (15% of the total 
sample) were within the general map unit named Rough-mountainous land 
(Ramsey soi l  material ) .  This is a miscellaneous land type and is  
characteristically  very steep and extremely  stony. Over most of the map 
unit 20  to 70% of the land surface is estimated to be outcrops or boulders 
with Ramsey soi l  material in the intervening spaces . Other soil 
characteristics can vary considerably within this  unit depending on 
topography, elevation, and vegetation (Hubbard, 1956) . 
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Four plots (5% of the total sample) were mapped as steep phase 
Ramsey stony fine sandy loam.  This soil  is  medium to strongly acid , 
moderately low in plant nutrients ,  excessively drained, and low in water­
holding capacity. Three plots (4% of the total s ample) were on the very 
steep phase of the Ramsey shaley silt loam soil .  Thi s  soi l  i s  thin, 
excessively drained , low in water-holding capacity, and low in 
fertil ity (Hubbard, 1 956) . 
Limited soil data col lected at sampling sites suggested that the 
soil s  were general ly xeric and infertil e . Fifty-nine percent of the 
p lots had soil s  less than 85 em deep . A horizons averaged 2 . 6  kg/ 
hectare phosphorus and 108 . 4  kg/hectare potassium,  and pH ranged from 
4 . 2  to 5 . 2 .  Organic hori zons were mostly thin ( 1 -5 em) at low and 
middle elevations and fit McGinnis' ( 1 958) thin duff mul l  type . At 
high elevations 0 horizons were much thicker (8-1 2  em) and were a 
crusted mor (Shanks , 1 954b) . 
C .  CLIMATE 
Due to elevational and topographic diversity the cl imate and 
microclimates of the Great Smoky Mountains are quite variable. Shanks 
( 1 954a) used Thornthwaite's ( 1948) c lassification system to describe 
climatic conditions measured at four stations at different elevations in 
the central Smokies . The resulting c lasses were humid mesothermal at 
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445 m (1460 ft) , perhumid mesothermal at 1 158 m (3800 ft) and at 1524 m 
(5000 ft) , and cl imatic conditions at the 1 920 m (6300 ft) station were 
more humid than Thornthwaite's perhumid microthermal clas s .  
Mean maximum temperatures in the Smokies occur i n  June , July,  and 
August ,  and mean minimums come in December and January . Mean annual 
temperature at Gatlinburg , Tennessee (elevation = 443 m,  1454 ft) is  
1 3 . 7° Cel sius (56 . 7 °F) with a mean maximum of 2 1 . 4 °C (70 . 5 °F) and mean 
minimum of 63.6°C (43.3°F) (U . S . Dept . of Commerce , 1969) . 
Shanks (1 954a) found that temperatures decreased with increased 
elevation at an average rate of 2 . 23°  Fahrenheit per 1 000 feet , or 
1 . 24 °  Cel sius per 305 m.  During the growing season, this causes a 
5 . 5°  to 8 . 3° Cel sius ( l 0°-l5°F) difference in temperatures between the 
base of the mountains and the highest peaks . 
Precipitation maxima occur in March and in July and August , and 
minima occur in May and in September and October (U. S . Dept. of Commerce ,  
1 973) . September is  the only month when potential evapotranspiration 
values at low elevations exceed precipitations (Shanks ,  1 954a) . Elevation 
affects precipitation as wel l  as temperature . Thirty-year records show 
that Gatl inburg averaged 141 . 1  em (55 . 54 inches) per year whi l e  
precipitation a t  Cl ingmans Dome averaged 208 . 9  em (82 . 26 inches) , an 
increase of 48% over a 1581 m (5188 ft) rise in elevation (Tennessee 
Val ley Authority, 1 968) . 
Although the cl imate of the Smokies is general ly temperate and 
humid, microcl imatic conditions on the maj ority of the sites sampled 
were probably much warmer and l ess humid than the norm due to topographic 
exposure and a comcomitant increase in potential evapotranspiration . 
Annual potential solar beam irradiation at sample sites was roughly  
estimated based on azimuth and percent slope measurements (Frank and 
9 
3 Lee , 1 966) . The average estimate was 290 . 21 x 1 0  Langleys per year and 
estimates were as high as 316. 9  x 103 Langleys per year as compared with 
265 . 8  x 1 03 Langleys per year for l evel surfaces and lower values for 
northeast trending slopes . Beetle  kil l s  at upper slope and ridgetop 
positions were also more exposed to desiccating winds , further increasing 
potential evapotranspiration . Such conditions in combination with 
universal ly  low soil water-holding capacity·made most sampl ed sites very 
xeric . In a study of pine site characteristics on the Blue Ridge 
Escarpment , an area of high annual precipitation much l ike the Smokies, 
Racine ( 1 966) found ridge sites subj ect to regular microcl imatic drought , 
and this was probably the case on many sites in this investigation also .  
D .  VEGETATION 
The flora of the Great Smokies is remarkably  rich and diverse.  
Herbarium col lections from the area total approximately  1450 species of 
vascular plants representing 1 26 fami lies and 531 genera (Hoffman, 
1 966) . Of these 131  are tree species . Nonvascular forms total at least 
2567 species (Hesler,  1962; King and Stupka, 1 950) . 
Like the flora, complex vegetation patterns have evolved in the 
Smokies due to the mountains' ancient geologic stabi l ity and elevational ,  
topographic , and microcl imatic variety. Several authors have advanced 
different community type divisions to describe the vegetation (Cain, 
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1 931;  Mil l er, 1 938; S.hanks, 1954b; Whittaker, 1 956; Golden, 1 974) . An 
excel l ent overview is provided by Shanks ( 1954b) who delineated six 
forest types: ( 1 )  cove hardwood forests which occupy coves and sheltered 
s lopes below 1 372 meters (4500 feet) , (2)  hemlock forests occurring both 
on sheltered sites along streams below 914 meters (3000 feet) and on 
exposed s lopes and narrow ridges between 914 and 1 372  meters (3000-4500 
feet) ;  (3) northern hardwood forests, deciduous forests within the 
spruce-fir  altitudinal zone above 1 372 meters; (4) spruce-fir forests 
which are boreal evergreen stands above 1372 meters; (5) closed oak 
forests occupying intermediate to dry slopes below 1 372 meters; and 
(6) open oak and pine stands on dry ridges and exposed slopes below 
1 372 meters . 
Prior to infestation the beetl e  killed stands sampled averaged 
over 80% p ine . The original stands would have been included in Shanks 
( 1954b) open oak and pine type, or, more specifical ly, in Whittaker's 
( 1956) Virginia pine, pitch pine heal th, and table  mountain heath types . 
E. HUMAN INFLUENCES 
Man has probably been a member of the ecosystems of the Great 
Smoky Mountains since the Pleistocene .CCoe, 1974; Quentin Bass, Personal 
Communication) . Even though human influence in the environment has varied 
from prehistoric times to the present, man has probably made significant . 
modi fications of the vegetation throughout his occupation . 
Recent archeological surveys of the Great Smokies area have found 
evidence of aboriginal occupation dating to the Paleo-Indian period, and 
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artifacts from the Archaic,  Woodland, Mississippian ,  and post-European 
contact periods were col lected throughout the Great Smoky Mountains 
National Park (Bass et al. , 1 975) . Archeological data suggest 
aboriginal use of the landscape became less extensive and more intensive 
as sedentary cultures developed around horticulture and agriculture 
during the Late Archaic and the Late Woodland and Mississippian periods. 
The greatest impact of prehistoric people on vegetation was probably 
from their use of fire for faci litating mast col lecting , encouraging 
berry production, and for driving game whi le  hunting (Kozlowski and 
Ahlgren, 1 974; Quentin Bass ,  Personal Communication) . 
European settlement of the Smokies began in earnest in the early 
nineteenth century, and by the Civi l War all  prime agricultural l and had 
been occupied by whites (Albright, 1974) . As the population expanded, 
settlers were relegated to subsistence farming on steep val l ey slopes 
resulting in heavy locali zed soil erosion and necessitating periodic 
abandonment and re-clearing of smal l patches of forest (Kephart, 1922) . 
Fires were regularly set on south facing slopes to encourage blueberries 
and to improve grazing for free ranging livestock (Shields , 1 977; 
Lindsay,  1 976) . 
About 1 800 smal l-scale commercial lumbering began in the Smokies . 
Harvesting was selective and environmental impacts were limited . However, 
in the early 1 900's large-scale,  mechani zed logging operations were 
moved into the mountains , and commercial cl earcutting continued unti l 
1 938 . Little discrimination was used in selecting timber, and harvesting 
methods often caused massive soil erosion and severe fires (McCracken, 
1 2  
1 978) . By 1 940 only 200, 000 acres of pristine forests, about 4 0% of the 
Great Smoky Mountains Park, remained (National Park Service, 1 976) . 
Since the logging days human impacts on the environment have 
resulted more from protection rather than uti l i zation . The Great Smoky 
Mountains National Park was established by Congress in 1934 (Campbel l ,  
1 960) , and since that t ime the principal management goal o f  the 
National Park Service has been to return most of the area to its pre­
European settlement state . With the exception of smal l developed areas, 
roads, and three historic districts, natural succession has been al lowed 
to proceed, and active management of forest communities has been l argely 
l imited to fire suppression . Until recently,  al l fires have been 
extinguished as soon as possible, and 40  years of effective fire 
suppression has significantly affected vegetation . Currently, however, 
the rol e  of fire is  being investigated by the National Park Service in 
order to review fire management pol icies . 
Another important European-cultural influence in the Smokies has 
been the introduction of exotic plants and animals .  The most far­
reaching impacts have been the elimination of mature chestnut trees by an 
exotic parasitic fungus (Woods and Shanks, 1 959) and the decl ine and 
potential elimination of Fraser fir by the bal sam-wool l y  aphid, an 
insect pest (Hay et al . ,  1 976) . 
CHAPTER I I I  
SELECTED L ITERATURE 
A.  SOUTHERN PINE BEETLE OUTBREAK AND 
ATTACK CHARACTERISTICS 
The southern pine bark beetle is  native to the southeastern U . S .  
and is the most destructive forest insect in eastern America (Baker, · 
1 972) . Pine beetles attack all  five pine species native to the study 
area al though white pine is seldom infested. Death of infested trees 
is due to disruption of the cambial vascular system usually caused by 
a combination of mechanical inj ury from beetle gal l ery construction and 
from the introduction of the blue stain fungus Ceratocystis �finor 
(Dixon and Osgood, 1 961 ) . 
Epidemic populations of the southern pine beetle  occur 
periodically,  and appear to be controlled most efficiently by cl imatic 
conditions .  In  North and South Carol ina outbreaks have been l inked to 
l ate summer and early fal l  rain deficiencies (Craighead, 1 925; King, 
1972) . In the same area Beal (1933) reported that outbreaks occurred 
during a succession of mild winters and were terminated when winter 
temperatures dropped to l 0°F  or less for several days . 
Outbreaks of the southern pine beetle ,  as with other species of 
Dendroctonus , characteristical ly display mass attacks on individual s  or 
sma l l  groups of pines . This aggregate behavior results in hot spots , 
or spot infestations ,  which serve as epicenters for the spread of 
epidemic populations . 
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There is  a definite pattern to the rise and eventual col l apse of 
mass attacks .  The sequence begins when newly emerged, unmated femal e  
beetles are attracted to the host tree by vol ati l e  terpenes emitted from 
the tree itsel f. Trees under water stress or inj ured trees may emit 
more of these attractants than vigorous trees and are more l ikely to be 
selected as hosts (Hodges and Pickard , 1971 ) .  However, without such 
strong host attractants and when beetle populations· are at endemic levels , 
selection is  more or less random (Gara, 1967) . 
Once the female has landed and begins boring into the bark, she 
rel eases the pheromone frontalin (3, 5-dimethyl -6 ,  8-dioxabicyclo (3. 2. 1) 
octane) which in combination with the host terpene , alpha-pinene , triggers 
the mass attack. Though this aggregate pheromone is intraspecific,  the 
sex ratio of arrested beetl es is three mal es to every femal e. The sex 
ratio is  soon bal anced by the accumulation of the pheromone verbenone 
released by the mal es . Verbenone inhibits male beetl e  response to 
frontal in ,  but in low concentrations it does not inhibit female response 
(Renwick and Vite , 1 970) . 
The mass attack is  eventual ly halted when the host tree succumbs to 
the beetles. A healthy pine mechanical ly inhibits the boring activity 
o f  pine beetles by exuding resins into the inner bark. Ironical ly the 
resins are also the source of the alpha-pinene attractant. I f  the pine 
final ly succumbs to the attack, resinosis  ceases and the alpha-pinene 
component of the aggregate pheromone is no longer avai labl e. Simul­
taneously,  frontalin production also decreases as the females engaged in 
gall ery tunnel ling. As a result the relative concentration of verbenone 
from mal e  beetles increases to the point of inhibiting further 
attraction of both sexes to the host and the infestation col l apses 
(Renwick and Vite, 1 970) .• 
B. INFESTATIONS AND STAND CONDITIONS 
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Stand vigor i s  closely related to susceptibi l ity to beetle attack. 
S everely stressed trees not only appear to attrack bark beetl es but also 
are unabl e  to resist attack by sustaining resinosis (Lorio and Hodges, 
1977) . On exposed, xeric s ites, moisture-stress may occur regularly 
(Racine, 1966) , but stress is  intensi fied during periods of deficient 
rainfall  which favor epidemic beetle populations. On less xeric sites 
overstocked, slow growing stands are often infested (Bennett, 1968) . 
Trees inj ured from lightning or fire have been reported to act as 
attractants to beetles (Hodges and Pickard, 1 971;  Craighead and 
St . George, 1928) . 
In the Southern Appalachians pure pine stands appear to be more 
susceptible to infestations than mixed pine-hardwood stands (Hoffman and 
Anderson, 1 945; Osgood, 1958) , and two studies in the past have shown 
that infestations greatly reduce the importance of pine in such stands. 
Balch ( 1 928) studied beetle kills  in western North Caro l ina and proj ected 
future composition from advance regeneration. According to his prediction, 
beetle-ki l ls would show a bimodal age di stribution with an upper stratum 
of scattered pine and oak and a lower stratum containing 30% p ine, 1 2% 
"desirable" hardwoods, and 58% "undesirable" hardwoods. 
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More detail is  available from a study by Hoffman and Anderson (1945) 
of beetle k i l l s  at the U . S .  Forest Service Bent Creek Experimental Forest 
near Ashevil le, North Carolina . Most of the sites in this study were 
low elevation old fields dominated by shortleaf and pitch pines . Only 
3% of the infestations were l arger than one acre; 59% were sma l l  kil l s  
averaging less than a tenth acre . 
The beetles showed a definite preference for large trees . Seventy­
five percent of the pines greater than 6 inches dbh were kil led, but 
only 57% of the 4 inch size class and 19% of the 2 inch size class  \'>'ere 
kil led (Hoffman and Anderson, 1945) . 
Canopy openings were found to favor hardwoods rather than pines . 
Pine basal area dropped from over 90% prior to the ki l l  to SO% 
immediately afterward. Twenty years after the infestation pine 
regeneration was negligible ,  and only scattered residual pines remained 
in the canopy. Hardwoods replacing the pines were mostly "minor" and 
"less desirable" species including red maple, scarlet oak, post oak, 
black locust, blackgum, dogwood, sourwood, and others (Hoffman and 
Anderson, 1 945) . 
Barden ( 1 974) found that beetle infestations after l ightning-caused 
surface fires in the Great Smoky Mountains reduced pine relative basal 
area from about 70% to 20-30%. Beetles killed approximately 80% of the 
original pine basal area and caused a more drastic change in stand 
composition than the earlier fire . Very l ittl e  pine reproduction was 
found. 
C .  SOUTHERN PINE BEETLE EPIDEMICS IN  THE SMOKIES 
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Specific reports of past outbreaks of  the southern pine beetle in 
the Great Smoky Mountains are avai lable only for the l ast 25 years,  
although periodic epidemics of this native species surely occurred 
earlier. The earliest record of an outbreak in the South was in 1 84 2  
(MacAndrews , 1 926) , and the first report of a beetle epidemic i n  the 
Southern Appalachians was in the 1890's (Hopkins ,  1 899) in West Virginia .  
An epidemic from 1 9 1 3  to 1916  affected an estimated.200 square miles in 
Tennessee and Virginia (Thatcher, 1 960) . 
The earliest avai l able written document concerning southern pine 
beetl e  outbreak in the Great Smoky Mountains described the extent of the 
beetle damage and control measures for 1 954 and 1 955 (NPS, 1 955a) . 
According to the report, infestations were active throughout 1 954 in the 
Smokemont, Deep Creek, Cataloochee,  Cades Cove , and Big Creek sub­
districts . In the 1 954 calendar year 7318 trees were cut and treated at 
a total cost of $9, 704 . 21 .  
A survey conducted in January of 1 955 found a total of 25 , 350 trees 
infested in 219  separate infestations . In Apri l  of that year brood 
densi ties were reduced by a severe freeze . However, the population 
quickly rebounded and by September infestations were active at Eagle  
Creek, Abrams Creek, Sugarlands , Oconaluftee , Deep Creek , and scattered 
locations in the southwest section of the park. In 1 955 $18 , 600 was 
allotted for sanitation operations,  and by September of that year a 7-man 
crew had cut 5384 trees at a total cost of $13 , 205 (NPS, 1 955a) . By 
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November an additional 3746 trees were treated and an estimated 929 trees 
remained to be cut {National Park Service, 195Sb) . 
In 1 956 a memorandum from the assistant chief ranger listed 
infested tree estimates for the park based on known infestations and 
an aerial  survey flown May 10  of that year. According to the memorandum 
Tremont district had 200 infested trees , Cades Cove 310 ,  Abrams Creek 
5 25 ,  Twenty-mi le SO,  Hazel Creek 305 , and Col l ins Creek 150.  The 
estimated cost for control was $2 , 767 . 35 (Light , 1 956) . 
No reports were available for 1957 .  A letter to  park superintendent 
Hummel from E .  J. Kowal , Chief of the Division of Forest Insect Research 
for the U . S .  Forest Service Southeastern Forest Experiment Station, dated 
Apri l 24 , 1 95 8 ,  recommended curtailment of control operations in the 
Smokies based on a survey of brood trees in the Greenbriar area and other 
surveys in the Southern Appalachians . Kowal predicted that the epidemic 
had col lapsed citing a general decrease in intensity since 1 955 , above 
normal rainfal l in 1 957 ,  extremely low temperatures during the winter of 
1 957-1958 causing 90 to 1 00% brood mortal ity {exclusive of eggs) , high 
survivalship of cl erid beetles and other bark beetl e  predators, and 
other reasons . He cautioned against total abandonment of control efforts 
in case the population rebounded writing: 
We were a little fearful about applying our recommendation to 
the Greenbrier or other sections of the Park where there were 
very many infested trees . However, we are sti l l  convinced 
that natural mortal ity wil l  l ikewise exert a strong effect in 
these areas • • •  (Kowal ,  1958) . 
Apparently Kowal's assessment was correct.  A l etter dated 
January 28 ,  1 959 ,  from Acting Superintendent Johnson-to the Regional 
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Director reported aerial and ground surveys in the park found "virtual ly 
no insect activity. "  A l etter the next month from the new Park 
Superintendent, Fred Overly, to the Regional Office confirmed the 
rel ease of $1 , 260.00 originally allotted to beetl e  control ,  and reported 
that a build-up of beetl e  populations after the winter of 1957-1 958 did 
not materialize (Overly, 1 959) . 
Between 1 959 and 1967 the only  report found concerning southern pine 
beetl e  status in the Smokies was a reference in a 1 965 general aeria l  
survey o f  the park which found only scattered red-topped and fading pines 
indicating endemic beetle populations (Ciesla, 1 965) . 
In the summer of 1 967 infestations characteristic of epidemic beetle 
popul ations were reported in the Tusquitee Ranger District of Nantahala 
National Forest which adj oins the park in North Carolina . This  was the 
first evidence of outbreak in the Southern Appalachians since the winter 
of 1 959-1960.  By late summer hot spots appeared in the Cades Cove 
district of the Smokies . 
In December of 1 967 the first of what was to become a series of 
aerial and ground surveys was initiated by the USPS Division of Forest 
_ Pest Management in cooperation with the National Park Service . The 
first sketch map fl ight estimated that 1 29 individual infestations 
containing 4279 fading or red-topped trees were active in the Cades Cove 
area. This averaged 8 . 4  trees per thousand acres of host type .  Ground 
surveys showed a mean brood density of 493 l ive insects per square foot 
of infested bark, and the ratio of adult beetles to brood was 1: 1 2 . 3, 
indicating a rapidly growing population . The U . S .  Forest Service, 
however, recommended no control action be initiated due to the 
remoteness of the kills  and the high cost of control (Clerke et al . ,  
1 968a) . Another aerial survey was flown in February, 1 968, using 
infrared photography. It  confirmed the outbreak status of the beetle 
in Cades Cove estimating 7 . 10 ± 2 . 50 spots with 38 . 59 ± 24 . 77 infested 
trees per thousand acres of host type (Clerke et al . ,  1968b) . 
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An aeria l  photo survey flown in late August, 1 968, indicated that 
infestations had enl arged and spread. There were an estimated 24 . 6  ± 7 . 2  
spots with 495 . 4  ± 226 . 9  discolored trees per thousand acres o f  host 
type. Infestations were stil l  l imited to the Cades Cove district and 
were found between 457 and 762 meters ( 1500-2500 feet) in elevation. 
Sample bolts  from infested trees were x-rayed and brood densities 
averaged lower than the previous year (Clerke et a l . ,  1 968c) . 
The infestation expanded from Cades Cove to the Fontana Lake area 
of the park and to adj oining National Forest land during the l ate summer 
and fal l  of 1 968 . The low temperatures during the winter of 1 968-1 969 
caused high brood mortality, but surveys in April, 1 969, sti l l  showed 
1 8 . 0  ± 3 . 7  active spots with 387 . 6  ± 1 79 . 0  discolored trees per thousand 
acres of host type (Clerke and Bassett, 1 969) . Surveys in September 
indicated that even though the outbreak was expanding, the rate of 
expansion was s lowing down . At that t ime the infestation level was 
1 2  ± 5 spots with 385 ± 278 red and fading trees per thousand acres of 
host  type. Brood densities were low and predators and parasites were 
numerous. No control operations were recommended (Ward et al . ,  1969) . 
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I n  January o f  1 970 temperatures in the park dropped below 0 °  
Fahrenheit for three consecutive days causing 9 9  to 1 00% brood mortality 
(Flavel• et al . ,  1 970) . A subsequent aerial and ground survey indicated 
an infestation level of 16  ± 1 spots containing 247 ± 383 discolored trees 
per thousand acres host type. However, most of these trees were bel ieved 
to have been infested prior to the cold snap , and it appeared that the 
outbreak had col l apsed (Ward and McDowel l ,  1 970) . 
In spite of the winter mortal ity, beetl e  populations resurged 
during the summer months of 1 970. Surveys in the fal l and winter of 
1970 reveal ed that Cades Cove was free of infestations , but beetle 
populations were fairly  heavy in the Fontana area. Brood levels  were 227 
insects per square foot of infested bark and there were an estimated 28 
spots containing 2686 infested trees in the park wi�h 31% of the trees 
supporting active broods (Barry and Wi lson, 1 971 ) .  
Winter brood mortality was again heavy during early 197 1 ,  and an 
April survey found beetl e  activity to be at low l evel s .  There were an 
estimated 74 spots containing 716  infested trees with 18% of the trees 
supporting active broods within the park. The infestation continued in 
the Fontana area and had spread to Fighting Creek Gap near Park Head­
quarters (Barry et al . ,  1 971 ) . 
The final aerial  survey was conducted in September of 1 97 1 .  Beetle  
populations had declined significantly in the Fontana area averaging 1 0  
spots and 43 .3 discolored trees per thousand areas of host type . Beetl e  
activity in the Fighting Creek Gap area, however, was very intense. 
Brood densi ties averaged 575 insects per square foot of bark, one of the 
highest densities on record for the South. There was an estimated 
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33 ± 11  spots containing 293 ± 166 discolored trees per thousand acres 
of host type .  Because of the high potential for expansion and 
accessibil ity of the Fighting Creek Gap infestations the Forest Service 
recommended s anitation or salvage cuttings (Ward et al . ,  1 97 1 ) . Control 
measures were not conducted however. 
Although detailed information is  unavailable , it appeared that the 
outbreak spread from Fighting Creek Gap to the Cherokee Orchard, Roaring 
Fork, and Bul lhead areas in the following years.  By 1 975 the general 
outbreak had declined significantly and high brood densities that may 
have remained would not have survived the extreme winter temperatures 
of 
·
1 976-1977 (C . Pless , Personal Communication) . 
C�P�R IV 
FIELD METHODS 
Prior to field reconnaissance , potential locations for beetl e-kil led 
stands were determined from interviews with local residents and National 
Park Service personnel;  from a National Park Service map of the 1 958 
sanitation operations; and from two aerial surveys, ( 1 )  a sketch map 
flown in December, 1 967 (Clerke et al., 1968a) and (2) a rol l  of 9 x 9 
infrared imagery flown in August , 1 968 (Clerke et a l . , 1 968c) . Both 
aerial surveys were donated by the u.s. Forest Service Division of 
Forest Pest Management in Ashevil le ,  North Carolina. These were the 
only available aerial  surveys for bark beetles in the Cades Cove section 
of Great Smoky Mountains National Park . Although thi s information was 
helpful, the maj ority of beetle kil l s  sampled were located by ground 
reconnaissance. 
A total of eighty-one p lots was established in forty-nine 
individual infestations . Criteria for selecting samp l ing sites were: 
( 1 )  that stands had formerly been infested by the southern pine beetle 
(this was verified by the beetles ' distinctive gal lery patterns and adult 
emergent holes in bark remnants) , and (2) that the beetle  k i l l  area be at 
l east one-fifth acre in size and shaped to accommodate a tenth acre 
circular plot.  Plots were placed within beetle kil ls  in such a way as 
to avoid edge effects and, on large kil l s ,  to represent varying 
topographic features . Overal l ,  sampling sites were selected to give a 
wide spectrum of topographic exposures and elevations . 
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Once the p lot center had been determined, the center tree was 
flagged, and an aluminum tag designating the p lot number and date was 
attached. A .04 hectare ( . 10 acre) circular p lot was then established 
by flagging six or more points along the circumference . The radii were 
adjusted for slope as described by Bryan (1956) . A . 004 hectare ( . 01 
acre) concentric p lot was also flagged, and four one-meter square p lots 
were l ined out along the outside of the . 004 hectare p lot up , down, and 
across the s l ope . 
Within the .04 hectare plot , l ive trees greater than 10 em were 
tal lied in 5 em size classes, and live stems between 3 em and 10 em were 
recorded as saplings. Beetle kil l ed trees on many sites were in 
advanced states o f  decay and were often wind-thrown and broken making 
recognition of individual boles very difficult .  Where recognition was 
possible, dead trees were tal lied as a group by size classes . Original ly, 
dead trees were to be used for an index for each p lot of the severity of 
stand disturbance, but dead stem measurements were practical only  in 60 
p lots (74% of the sample) . Percent cover for shrubs over a meter tal l  
and l ess  than a meter tal l  were estimated on the .04 hectare p lot . 
Within the .004 hectare plots, trees over one meter tal l and l ess  
than 3 em dbh were recorded as subsapl ings . Reproduction (tree stems 
under one meter tal l )  was tal l ied and herbaceous cover was estimated in 
the four one-meter square plots . 
Location and elevation of p lots were determined from u.s. Geological 
Survey 7.5 minute topographic map s .  Slope position was also derived 
from maps and recorded as an index based on the distance to s lope base. 
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divided by the total  distance from s lope base to ridgetop. Aspect was 
taken with a Silva Ranger compass. Slope was measured with an Abney 
Level from the upper circumference and the lower circumference to p lot 
center, and the two readings were averaged. Annual potential sol ar beam 
irradiation, hereafter referred to as solar radiation, was roughly 
estimated using tables developed by Frank and Lee ( 1966) based on azimuth 
and percent s lope measurements. Since solar radiation was not measured 
directly  and thi s  transformation was an estimate obtained from other 
measured site variables, the values derived are subj ect to question, 
especial ly on flat ridgetops and sheltered foot s lopes. However, where 
direct measurements were not feasible ,  this transformation provided 
satisfactory estimates of incident solar radiation (Smith, 1977; Wade, 
1 977). 
Depth to bedrock was measured to 85 em with a soil auger. I f  rock 
was encountered at l ess  than 85 cm, two additional probes were made, and 
the measurements were averaged. The 0 hori zon soil depth was measured 
and A horizon soi l samples were col l ected at three points in the plot. 
Soi l samp les were later analyzed by U.T. Agriculture Extension Service 
Soi l  Testing Lab in Nashvil le for soil water pH, phosphorus, and 
potassium avai labi l ity. 
Increment cores were taken from 3 living trees per plot in an 
attempt to date the year of infestation by the release reflected in 
annual ring width. Very few trees, however, showed an obvious response 
to the infestation, preventing accurate dating of kil l s .  Woods and 
Shanks ( 1 959) reported the same problem in attempting to use pitch pine 
for dating release after the chestnut blight. 
CHAPTER V 
RESULTS AND DISCUSSION 
A .  REPLACEMENT TYPES 
Introduction 
The maj ority of stands sampl ed had been attacked by pine beetles four 
to eight years earlier,  and in each case disruption of the original canopy 
had been severe . Canopy c losure at the time of sampling averaged less 
than 30%. The general appearance of individual stands varied depending 
on site, preinfestation composition,  and in�ensity of the attack . Because 
of the irregular structure of the residual canopy and sapl ing strata, 
dominance and relative import�nce of species , as wel l  as trends in 
replacement stand types , were not initial ly  obvious. 
Methods 
Two computer programs were used to statistical ly describe vegetation 
on individual plots and to group simi lar p lots for determining replacement 
types. Raw data for stems over 3 em dbh were transferred to punch cards 
and processed on the University of Tennessee I BM 360/65 computer using a 
Fortran program, for this study named INFEST, original ly developed by 
Mrs . Virginia Patterson (Go lden, 1974) . The program calculated relative 
and absolute density, basal  area, and importance value for each species 
on each plot. 
Relative densi ty values of stems over 3 em dbh for 21 species with 
frequencies over 5% were then used in cluster analysis to determine 
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replacement community types . A polythetic agglomerative c luster 
technique developed by Orloci ( 1967) was used. This technique was one 
of two clustering systems recommended for vegetation analysis by 
McCarthy ( 1976) in his comparison of vegetation classification methods . 
Clustering was run on the IBM 360/65 computer using a program written by 
Post and Shepard (1974) . 
A simplified dendrogram produced by cluster analysis is  shown in 
Figure 2 .  The base l ine in the figure represents the array o f  a l l  8 1  
p lots analyzed . Vertical branches of the dendrogram connect the center 
points of individual clusters . The vertical axis indicates the within­
group sum of squares expressed as a percentage of the total sum of 
squares, but it  may be more easily conceptual ized as the percentage of 
information lost due to progressive clustering of the total information 
contained in individual plots. 
Although cluster analysis provided an obj ective and quantitative 
method for arraying groups of p lots , the selection of community types 
from the array was ultimately subj ective. Six replacement types, 
c lustered at the SO% information level , were selected. Criteria for 
selection of the types were that they be recogni zable in the field and 
that the types make sense in terms of stand history and environmental 
processes. Accordingly, the six replacement communities identified were: 
( 1 )  red mapl e-dogwood, (2) red mapl e-sourwood , (3) blackgurn-mixed pine , 
(4) Virginia pine-blackgum, (5) mixed pine-scarlet oak, and (6) table 
mountain pine-pitch pine . As replacement types , these are strictly  sera! 
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types. Structural and compositional change is anticipated in al l stands 
sampled. 
After these types had been selected , a disk file  containing site 
and cover variables for plots within each type was created on the DEC 
System-10 computer. Descriptive stat istics for these variables were 
then calculated using the STATPACK statistical package program (Houchard, 
1 974) . 
Descriptions of each replacement type are given below, general ly in 
order of decreasing moisture availabi l ity from mesic to xeric sites. 
Several phrases have specific meanings in the descriptions and require 
definition. "Original canopy" refers to the overstory coverage prior to 
the southern pine beetle attack, and it is assumed to have been composed 
of all  stems , l iving and dead, greater than 10 em dbh at the t ime of 
sampling. Correspondingly, "residual canopy" refers to l iving remnants 
of the original canopy, here defined as all  l iving stems greater than 
10  em dbh. The residual canopy combined with the sap ling stratum (stems 
greater than 3 em and less than 10 em) form a discontinuous cover 
designated the "replacement canopy, " or simply "overstory/1" "Understory" 
refers to stems less than 10 em dbh and over 1 meter tal l ,  and "repro­
duction" includes stems less than 1 meter tal l. 
In initial references to species both the common and scientific 
names are given; thereafter only common names are used. Nomencl ature 
fol lows Radford et al. (1968) . 
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Red �mpl e-Dogwood Repl acement Type 
Site conditions for this  type varied, but sites were general ly 
sub-mesic, low e levation (338-585 meters , 1 1 1 0-1920 feet) , lower to mid 
slope or protected upper s lope locations (Table 1 in Appendix) . Aspects 
ranged from northeast to southwest (20°-250°) , s lopes were moderately 
steep (av = 36%) , and average solar radiation was the lowest of the six 
replacement types defined in this  study. Soil depth was thin (av = 
68 . 5  em) and the average depth of the 0 horizon was�only 3 . 6  em. The A 
horizon was the l east acid of the replacement types . Avai l able phosphorus 
in the A layer was typically  low, and potassium avai lability was moderate 
relative to the other replacement types . , 
It  i s  probabl e  that most or all  of these sites were influenced by 
human use prior to the establishment of the Great Smoky Mountains 
National Park. Hal f  of the p lots were l ikely cultivated in the past . 
The remainder were probably logged, grazed, periodical ly burned or all  
three. Chestnut sprouts occurred in 16% of the stands indicating its 
former presence . 
The original canopy basal area averaged 70% yel low pine , dominated 
by either Virginia  pine (Pinus virginiana Mil l er) or a mixture of 
Virginia pine and shortleaf pine C!· echinata Mil l�r) and often included 
some pitch pine (P. rigida Mi l ler) and table mountain pine C!· pungens 
Lambert) (Table 2 in Appendix) . The beetle attack ki l l ed 97% of the 
canopy pine basal area l eaving 32% of the original total basal area 
intact. Canopy c losure was 44% at the time of sampling . Living yel low 
pines were completely eliminated from 25% of the stands by the infestation.  
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The composite stand description showed that dry phase oaks,  particularly 
scarlet oak (Quercus coccinea Muenchh . )  and white oak (�. alba L . )  along 
with white pine (Pinus strobus L . )  were the most common associates of 
yel low pines in the original stands . Individual stands diverged from 
this composite picture . In three of the most mesic p lots ,  tul iptree 
(Liriodendron tul ipifera L . )  was an important canopy hardwood in two, 
whil e  in the other plot large white pines accounted for 77% of the 
residual basal area . On two drier s ites , the residual canopy was 
composed of mockernut hickory (Carya tomentosa (Poiret) Nuttal) and 
scarlet oak . In al l cases the original canopy consisted of early to mid 
sera! species in old field stands.  
The Society of American Foresters (S.A.F . ,  1 967) l ists two forest 
cover types which are simil ar to the original stands,  the shortl eaf 
pine-Virginia pine type (Type 77) and the Virginia pine type (Type 79) . 
Both types are described as old field stands succeeded by "shortleaf 
pine and oaks" and "shortleaf pine and various hardwoods" respectively. 
Whittaker ( 1956) , in describing the vegetation of the Great Smoky 
Mountains , mentions old field stands in his Virginia pine forest 
c l assification citing scarlet oak as second to pine in importance with 
white pine , b lackgum (Nyssa sylvatica �arshal l ) , black oak (Quercus 
velutina Lam. ) ,  and white oak listed as other canopy species . Mi l ler' s 
1 936 vegetation map of the Smokies includes a yel low pine hardwoods 
type, but his description is  general with emphasis  on the xeric condition 
of the sites . He mentions fire as a causal agent but has no reference to 
agriculture or logging for this type. Thomas (1966) defined two related 
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types on Chilhowee Mountain, a second growth pine-south s lope-cover 
type and a second growth pine-north. slope-cover type, but both are l ess  
diverse than the types described here . 
The replacement canopy (stems > 3 em) derived by c luster analysis 
was characterized by the predominance of red mapl e  (Acer rubrum L . )  and 
dogwood (Cornus florida L . )  in the 3 to 10 em size c lass (Table 4 in 
Appendix) . Because of the varied and relatively mesic nature of site 
conditions , this  replacement type was the richest in the species. Of 
29 overstory species in this community, 22 were found in the replacement 
canopy. In addi tion to red maple and dogwood, sourwood (Oxydendoum 
arboreum (L. ) DC . )  and blackgum were common in the replacement canopy. 
Species considered potential dominants in upper canopy positions include 
mockernut hickory, white oak, hemlock (Tsuga canadensis  (L . ) Carr) , white 
pine , tuliptree and scarlet oak. In both the understory and reproduction 
strata, red maple  and dogwood accounted for over SO% of the stems . 
Other common subsap lings were white pine, mockernut hickory, and American 
hol ly ( Ilex opaca Aiton), while white pine , white oak, and scarlet oak were 
common seedlings . Virginia pine and table mountain pine seedlings were 
found in 3 plots . Although their representation was very low, there was 
an increase in the understory in very tolerant, mesic species such as 
American hol ly, American beech (Fagus grandifolia  Ehrhart) ,  Eastern hop­
hornbeam (Ostrya virginiana (Miller) K. Koch. )  and American hornbeam 
(Carpinus caroliniana Walter. ) .  
Shrub and herbaceous cover was light compared to other rep lacement 
types (Table 3 in Appendix) . Shrub cover was very dense (70-100%) in 
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25% of the samples , but in the remaining plots it never exceeded 5%. 
Mountain l aure l  (Kalmia latifolia L . ), huckleberry (Galussacia baccata 
(Wang. ) K. Koch . )  and blueberry (Vaccinium spp . ) , typical pine understory 
heaths , were present in only SO% of the sampl e  plots. On more mesic 
sites common shrubs were strawberry bush (Euonymus americanus L . )  and 
maple-leaf viburnum (Viburnum acerfolium L. ) .  Virginia creeper 
(Parthenocissus quinquefolia  (L. ) Planchon) was often present, and Smil ax 
vines were found in every plot. 
It is  difficult to proj ect the next sere for this  type . From the 
composite description it appears to be succeeding to a white pine-white 
oak forest . Such a forest type has been recently identified in the 
Smokies by research currently in progress ,  and general site characteris-
tics for the two types are comparabl e  (H. R. DeYoung , Personal Com-
munication) . Mil l er ' s  1 936 type map contains a white pine hardwood type,  
and his  floristic description includes many of  the understory species 
found in this study. Mil l er states that the stands are often on old 
field sites .  Braun ( 1950) refers to  white pine or  white pine-white oak 
forests on sub-mesic sites in the Ashevi l le basin. The Society of 
American Foresters ' ( 1967) white pine cover type (Type 2 1 )  a l so fits this 
proj ection with the fol lowing description : 
In the Southern Appalachians on moist sites , yel low-poplar, 
hemlock, northern red oak, and white oak are the main associates . 
On drier sites,  chestnut oak, scarlet oak, shortleaf p ine, and 
pitch pine come in. • • • It  occupies mountain s lopes,  flats ,  
and val leys varying widely in  soi l character • • • from moist 
to relatively dry. 
The description also reports that the white pine type is a long-lived 
temporary community, eventua l ly succeeding to various tolerant hardwoods . 
Individual stands in thi s  study wil l  likely succeed to differing 
communities dominated by a mixture of mesic hardwoods ,  by white pine­
white oak,  by oak-hickory or by scarl et oak depending on the site and 
stand history. 
Red Maple-Sourwood Replacement Type 
Sites for this type were on upper slopes and ridgetops with 
moderately deep soil s  (av. = 73 em) and aspects ranging from southeast 
to northwest ( 1 35°-320°) (Table 1 in Appendix) . Average percent slope 
was the least of the forest types identified in this study, and solar 
radiation was comparatively low. The stands were mid elevational , 
ranging from 701 to 832 meters (2300-2730 feet) . 0 horizons were thin 
to moderate ly deep (av. = 4 . 0  em) , and pH of the A hori zon,  though 
acidic,  was relatively high (av.  = 4 . 7) compared to the other stands 
sampled.  
Chestnut sprouts were found in two plots (20% of  the samp le) . 
Several of the sites  were near old roadways ,  and logging, grazing, and 
intentional burning probably affected the stands prior to the 
establishment of the park. 
The original canopy averaged 79% yel low pine , primarily pitch pine 
wi th some Virginia and table mountain pine , of which 91%  was kil led 
leaving 28% of the original canopy al ive (Table 2 in Appendix) . In one 
plot al l yel low pines were ki l l ed .  Dead pines varied in s i ze ,  and al l 
but one p lot contained trees greater than 30 em dbh . Average canopy 
closure after the kil l  was 33% .  The most prevalent original canopy 
hardwoods were scarl et oak , chestnut oak , and red maple .  Simi l ar stands 
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are described by the Society of American Foresters ( 1967) as their 
pitch pine type (Type 45) , and by Whittaker ' s  ( 1956) , pitch pine-heath 
type . Thomas ' (1966) pitch pine-scarlet oak scrub cover type for 
Chilhowee �buntain is  floristically simi lar to these original stands but 
structural ly different . The original stands are encompassed by Mil ler ' s  
(1 936) yel low pine-hardwood type and are compositional ly described by 
Shanks (1954b) as open oak and pine stands . 
After the beetl e kil l ,  red maple became dominant in the replacement 
canopy because of its high frequency in the residual canopy and high 
densities in the residual sapl ing stratum (Table 5 in Appendix) . 
Replacement stands averaged 49% red maple and included sourwood 
(Oxydendrum arboreum L . ) ( 10%), chestnut oak (8%) , and scarlet oak (7%) . 
Al though the relative density of oak was not high , its importance in 
the replacement canopy cover was magnified by large-crowned residual 
canopy trees . In 90% of the sample plots living yel low pines remained 
in the repl acement canopy as scattered individual s .  Red maple  
dominated the understory and reproduction strata accounting for over SO% 
of the stems in both cases . Scarlet oak and white pine , both potential 
canopy dominants , were wel l represented in the understory, and both 
r·esponded to the drastic reduction in over story cover . Chestnut oak 
dropped in rel ative importance in the understory as did sourwood and 
blackgum . Pitch pine was reproducing in 3 plots, and table mountain pine 
seedlings were found along with pitch pine in one plot . 
Typical ly,  a l ayer under 1 meter tal l of Vaccinium with some 
Gaylussacia covered much of the ground (av . = 50 . 6% cover) (Table 3 in 
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Appendix) . Larger shrubs,  especially mountain laurel ,  oilnut 
(Pyrularia pubera Michaux) , and occasional ly lyonia (Lyonia l ingustrina . 
( L . )  DC . )  were scattered in the plots, averaging 28 . 5% cover . Herbaceous 
cover was sparce with Uvularia pudica (Wal ter) Fernald , bracken 
(Pteridium quil inum ( L . )  Kuhn) , teaberry, and trai l ing arbutus (Epigea 
repens L . )  among those present . 
I n  the future a mid sera! mixture of scarlet oak , chestnut oak , red 
maple,  and scattered pines wil l  fil l  the canopy gap created by the 
infestation . Scarlet oak will  increase in overstory cover and wil l  
decrease in understory density until  maximum canopy closure is achieved . 
White pine wil l  increase in the canopy and wil l  remain an associate of the 
oak s . Chestnut oak , slower growing and more tolerant than scarlet oak 
(Fowell s ,  1 965) , wil l  probably  increase in understory density and in 
l ieu of fire or other disturbance may ul timately dominate the overstory. 
Individual pitch and table mountain pines will remain in the canopy 
for many years but wil l  eventually be replaced by hardwoods .  These 
seral communities probably contain stages similar to the S . A . F .  ' s  
( 1 967) scarlet oak (Type 4 1 )  and chestnut oak (Type 44) cover types . 
Go lden ( 1 974 ) described a chestnut oak type on s imi lar sites in the 
Great Smokies , noting that scarlet oak and in some cases pitch pine 
shared the canopy . 
Blackgum-Mixed Pine Replacement Type 
Cluster analysis grouped one-third of the total sample ( 27 plots) 
into this type, making it the most common replacement type encountered 
(Tabl e  1 in Appendi x) . The sites were located at mid to high elevations 
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(av . = 820 meters , 2689 feet) on steep ,  mid to upper slopes . Aspects 
ranged from southeast to southwest ( 1 20°  to 250°) , and average solar 
radiation was high . Total soil depth tended to be thin though the 
organic l ayer was rel atively deep compared to other replacement types 
(av . = 5 . 2  em) . The A hori zon pH ranged from 4 . 2  to 5 . 0 , and the hori zon 
was high in phosphorus and fairly low in potassium .  
Chestnut sprouts were recorded i n  44% o f  the plots ,  although large 
chestnut stumps or other signs of canopy size chestnuts were not common . 
Signs of fire were seen in very few plots ,  and it is not l ikely that any 
major fires had occurred since park establishment . �lost of the sites 
were unsuitable for past agricul ture and logging operations . Periodic 
burning may have been a major factor controlling species composition 
in stands during pre-park settlement days . Yel low pines in one plot had 
been partially  cut as  part of the 1958 bark beetle  sanitation operation, 
but the stand had been intensely reinfested ten years later . 
Yel low pines of al l four species were present in the original 
canopy, with pine basal area accounting for 82% of the total stand 
(Table 2 in Appendix) . Infestations kil led 90% of the canopy pines 
leaving approximately 27% of the original canopy al ive . In 3 plots 
( 1 1 %  of the sample) al l canopy size pines were killed ,  but all plots 
contained yel low pines in at least one stratum . Canopy closure 
averaged 25 . 5% at the time of sampl ing . Residual canopy pines indicated 
that pitch pine was the predominant species in the original stands , 
usually  sharing the canopy with table mountain and Virginia pine and 
in one case with shortleaf pine . In three stands table mountain pine was 
dominant, and it was co-dominant with pitch in 30% of the plot s .  
Hardwoods accounting for the greatest volume i n  the original canopy 
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were scarlet oak (relative basal area = 6%) and chestnut oak (relative 
basal area = 5 . 5%) . Other hardwoods included red maple ,  sourwood, 
blackgum, black oak, and white pine . A total of 18  species was pres ent 
in the original canopy . In general ,  the original stands belonged to the 
S .A . F .  ( 1 967) pitch pine cover type (Type 45) . They closely paral leled 
Whi ttaker ' s  ( 1956) pitch pine heath type, however , shrub cover was less 
dense than he described . The three table mountain pine stands mentioned 
above were as de scribed by Whittaker ' s  table mountain pine-heath and 
Go lden ' s  ( 1974 )  table-mountain pine-pitch pine type . 
Twenty�six of 30 tree species tal lied in this type had stems 
greater than 3 em dbh (Table 6 in Appendix) . At the time of sampling, 
blackgum was the most abundant tree (relative density = 29%) in the 
replacement stands . Yellow pines as a group were s econd in abundance 
(relative density = 24 . 5%) , and they were well  represented in the 
residual canopy with 33% of the basal area . Pitch pine was the most 
common in the sample (frequency = 9 2 . 5%) , but table mountain pine , 
which was present in only 63% of the sample,  had a higher average residual 
basal area . Virginia pine was presen� in 52% of the plots ; shortleaf 
pine was in only one stand . Chestnut oak ( frequency = 81 . 5%)  and 
scarlet oak (frequency = 78%) were about equally represented in the 
replacement canopy, each accounting for approximately 7 . 5% of the total 
stems . Black oak , blackj ack oak , and white oak were also present . In 
addition to blackgum, other common small  tree speci es were red mapl e 
and sourwood . 
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Smal l - tree species were very abundant in the understory with red 
mapl e ,  b lackgum,  sassafrass , and sourwood accounting for 77% of the 
stems . Scarlet oak ,  black locust (Robinia pseudoacacia L . )  and black oak 
were the most  preval ent potential canopy hardwoods . Yel low pines in the 
understory stratum were Virginia pine and , in one plot,  pitch pine . 
Together they were present in 26% of the sample plots . 
The reproduction stratum in this replacement type was diverse with 
28 species represented . Like the understory layer , reproduction was 
also dominated by small -tree species . Potential canopy dominants with 
significant reproduction were scarlet oak (present in 59% of the plots) , 
the yel low pines , especially Virginia and pitch pines (total frequency = 
5 5 . 5%) , white pine (frequency = 26%) , and chestnut oak ( frequency = 22%) . 
In both the understory and reproduction strata , mockernut and pignut 
hickories and some mesic species were present but in low percentages • .  
There was considerable  variation i n  shrub and herbaceous cover 
(Table  3 in Appendix) . In a few stands mountain laurel formed a very 
dense stratum at 2-3 meters ; in others there were virtually  no shrubs 
over 1 meter tall . Average cover for mountain laurel ,  blueberry, 
lyonia, oilnut and other shrubs tal ler than a meter was 37% . Blueberries 
and huckleberries under a meter tall  were more common and averaged 45% 
cover . Herbaceous plants averaged 1 3 . 5% cover . Smi lax was copious . 
With reclosure of the canopy, this replacement type wil l  be 
dominated by scarlet oak , chestnut oak , and a mixture of pitch , table 
mountain, and Virginia pines . In some stands black oak and white pines 
wil l be important associates . Due to very xeric site conditions , the 
oak-pine community will  be long-lived ,  but without effective fire it 
will slowly succeed to chestnut oak dominated stands comparable to the 
S .A . F . ' s  ( 1 967) chestnut oak cover type (Type 44) and Golden ' s  (1 974) 
chestnut oak type . 
Virginia Pine-Blackgurn Replacement Type 
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The sites for the Virginia pine-blackgurn replacement type were mid 
to low elevational (344 -853 meters , 1 1 30- 2800 feet) on predominantly 
south to southwest facing (160°- 270°) mid and upper slope pos itions and 
ridgetops (Table  1 in Appendix) . Side slope sites were steep,  averaging 
40% s lope , and solar radiation was high .  Soil depth averaged 7 1  em 
which was moderate compared to other replacement types , and the 0 
hori zons were thin  (av . = 3 . 9  ern) . Soi l  A hori zons were acid (av . = 4 , 58) 
and phosphorus and potassium availability relative to the other stands 
sampled was high . 
Chestnut sprouts were present in 15% of the plots . With the 
exception of 2 or 3 plots out of the 1 3  in this type , it i s  unl ikely that 
these sites were cultivated or logged . Grazing may have affected some 
of the s ites, and al though there was no visible evidence of periodic 
burning prior to park establishment, fire was probably an important 
factor . 
Prior to infestation, yel low pines accounted for 86% of the 
canopy (Table 2 in Appendix) . The original canopy contained all four 
species of yel low pines . Based on residual canopy trees , Virginia pine 
was the most common dominant either alone or in mixture with other 
pines . In one plot shortleaf pine was the former dominant . An average 
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of 85%  of the pine basal area was killed leaving 27%  of the total 
original canopy basal area alive . In only 2 plots were all  canopy pines 
kil led, and remnant sapling pines were found in a l l  plots . Scarlet oak 
(relative basal area = 3 . 5%) and chestnut oak (relative basal  area = 
3%) were the most  important hardwoods in the original stand . Canopy 
closure at the time of sampl ing averaged 20 . 5% .  Black oak , blackj ack 
oak, white oak , and southern red oak were present in the original 
canopy, but were minor components . Blackgum and sourwood were prevalent 
small -tree speci es in the original community . Prior to the beetle 
epidemic ,  individual plots within this replacement type would probably 
have been categori zed in the S . A . F . ' s  ( 1967) shortleaf pine cover type 
(Type 75) , shortl eaf pine-Virginia pine cover type (Type 77) , Virginia 
pine cover type (Type 74) , or pitch pine cover type (Type 45) , The 
stands would have been included in Mi ller ' s  (1936) yel low pine-hardwood 
type and overlapped with Whittaker ' s  ( 1956) Virginia pine forest type . 
As a group,  residual yel low pines were the most abundant trees in 
the replacement stands (Table 7 in Appendix) . They averaged 4 2% of the 
stems over 3 em dbh and accounted for 56% of the residual basal area . 
The most preval ent species was Virginia pine which composed 33% of the 
residual basal area and accounted for 31% of the replacement canopy 
density . Virginia pines greater than 3 em dbh were found in a l l  plot s .  
Bl ackgum (relative density = 24%) was second in species abundance 
fol lowed by sourwood (relative density = 9%) . Scarlet oak was the third 
most abundant hardwood in the replacement community . I t  was found in 
85% of the plots and accounted for 7% of the replacement stems and 1 5 . 5% 
of the residual canopy. Other hardwoods of lesser frequency included 
red maple,  chestnut oak , and black oak . 
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I n  the understory, blackgurns and red maples were most abundant with 
Virginia pine third in importance (Table 3 in Appendix) . Yel low pines 
were present in 4 6% of the sample plots . Scar let oak and whi te pine 
were each present in 38 . 5% of the understory plots , and chestnut oak 
was in 31% .  
In the reproduction strata , red maple , sassafras ,  and blackgurn were 
the most prevalent species . Scarlet oak seedlings had a frequency of 
46% , black oak seedl ing frequency was 38%, and Virginia pine and white 
oak seedlings were each in 23% of the plots . Ye l low pine reproduction 
was found in 38 . 5% of the plots . 
Shrub and herbaceous plants were those typical ly found in pine 
stands . Blueberries and huckleberries less than a meter tal l  averaged 
38% cover, and mountain laurel ,  blueberry and other shrubs tal ler than a 
meter covered 26 . 5% of the area . Herbaceous cover was scattered, 
averaging 1 0% coverage ,  and included teaberry, trailing arbutus ,  galax 
(Galax apyl la L . ), panic grass (Panicum spp . )  and others . 
In the near future,  yel low pines (primarily Virginia pine) wil l  
share dominance with scarlet and chestnut oak . Without disturbance 
there wil l  be a gradual shift toward chestnut oak . However , on the most 
xeric sites, pines and scarlet oak may maintain themselves in the 
canopy indefinitely .  
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Mixed Pine-Scarlet Oak Replacement Type 
The mixed pine-scarlet oak replacement type occupied low to mid 
el evation ( 366-823 meters , 1 200-2700 feet) sites on ridgetops and upper 
slopes (Table 1 in Appendix) . Aspects were southeast to southwest 
( 130°-210°) , and slope angle varied from flat ridgetops to side s lopes 
averaging 4 1 % .  Sol ar radiation was moderate relative to the other 
forest types in the study . Soi ls  were deep for the total sample (av . = 
77 . 2  em) , and organic hori zons thin (av . = 3 . 8  em) . The A hori zons were 
acid (av . pH = 4 . 58)  and low in available phosphorus and potassium .  
Yel low pines i n  the original canopy accounted for 78% of the total 
stand basal area (Tabl e  2 in Appendix) . All  four yel low pine species 
were represented in the composite description of the original canopy . 
Al though individual dead trees could not be identified, the relative 
density of the four species apparently varied by site,  and judging from 
residual trees ,  Virginia and pitch pines were the most common . 
The beetles killed an average of 88% of·  the canopy pines . In three 
plots ( 33% of the sample) all  yel low pines greater than 10  em were 
kil led ,  but in none of the stands were l iving pines completely 
eliminated . Scarlet oak was present in every plot and averaged 1 3% of 
the original canopy basal area ; it  wa� by far the most important 
hardwood . Chestnut oak was present in two-thirds of the plots and made 
up 2 . 5% o f  the total original basal area . Black oak , bl ackj ack oak 
(Quercus mari landica �ruenchh) and white oak were minor components . 
Prior to infestation these stands probably  contained examples of 4 of 
the S . A . F . ' s  ( 1 967) cover types : shortleaf pine (Type 75) , shortleaf 
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pine-Virginia pine (Type 77) , Virginia pine (Type 79) and pitch pine 
(Type 45) . Whittaker ' s  (1 956) Virginia pine and pitch pine types would 
include most of the original stands , as would Mil l er ' s  ( 1936) general 
yel low pine-hardwood type . 
Scarlet oak was the dominant species in replacement stands both in 
terms of residual canopy basal area (RBA = 42%) and total stems over 
3 em dbh (RD = 20%) (Table 8 in Appendix) . Ye llow pines as a group 
averaged 23 . 5% of the total stems and 32% of the residual canopy basal 
area with Virginia and pitch pines predominant . Blackgum and red maple 
were the second and third most abundant species in the replacement 
canopy . Seven oaks were represented , the five mentioned above plus 
sapling size southern red oak (Quercus falcata Michaux) and post oak 
(�. stel lata Wang . ) . The understory stratum was dominated by blackgum 
with red maple second in abundance . Scarlet oak accounted for one-
third of the relative density and was present in 44% of the plots . 
Only one plot,  1 1 %  of the sample ,  contained yel low pine in the under­
story strata . Red maple and sassafras (Sassafras albidum (Nuttal l )  Nees . )  
were the most preval ent seedlings , each having a frequency of 78% . 
Scarlet oak reproduction had a frequency of 44% and a density of 1 1 . 5% .  
Black and blackj ack oak ,  mockernut , a�d pignut. (Carya glabra (Mi l l er) 
Sweet) hickory seedl ings were present but in low frequencies and 
densities . Yel low pine reproduction was present in one-third of the 
plots . 
Shrub and herbaceous cover was very similar to the red maple­
sourwood repl acement type previously described ; however , the shrub 
l ayer was l ess dens e .  
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Scarlet oak and mixed pines wil l maintain dominant positions in 
these stands even in l ate _ seral stages . Pine density wil l  diminish 
gradual ly  and without further disturbance wi l l  eventual ly  be represented 
only by widely scattered individual trees . Understory samples showed 
no major competitor with scarlet oak for future canopy dominance, 
though more tol erant oaks such as chestnut oak and white oak may 
eventual l y  become established . From present information, however, it 
appears that the stands wil l be similar to the S . A . F .  ( 1967) scarlet 
oak cover type (Type 41) which is described as approaching c limax on dry 
soils . 
Table Mountain Pine-Pitch Pine Repl acement Type 
Cluster analysis separated plots in this type from al l others 
sampled (Figure 2, p .  28) suggesting high dissimilarity with other 
replacement types . The sites were the most xeric of those sampled and 
were the highest in elevation, averaging 1030 meters ( 3380 feet) 
.(Table 1 in Appendix) . Slopes as steep as 61% in combination wi th 
typically  southwestern aspects (av . = 202 ° )  and exposed upper slope 
positions resul ted in high solar radiation . Soi l  depths were shal low (av .  = 
67 . 2  cm) , and rock outcrops were not uncommon .  The organic hori zon was 
a deep mor mat (av .  = 8 . 2  em) derived 'from a dense ericaceous shrub 
l ayer , and A hori zon pH was the most acid of the six replacement types 
(av . = 4 . 38) . Available potass ium and phosphorus in the A hori zon was 
very low in relation to other sites . 
In al l 1 0  p lots identified in this type , the original cover was 
either a mixture of table  mountain and pitch pine or exclusively table 
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mountain pine (Table  2 in Appendix) . Dominance of pine in the original 
cover was high, with the two species averaging 98% of the pre­
infestation basal area . A very dense stratum o f  mountain laure l (70%-
1 00% cover) was characteristic in all but one plot, and a ground cover 
of galax and teaberry was common . 
Floristical ly,  the stands were much l ike Shank ' s  ( 1954b) open oak 
and pine stands , and structural ly the original stands corresponded very 
closely to Go lden ' s  ( 1 974) table-mountain pine and table-mountain pine­
pitch pine types . Whittaker ' s  (1956) table mountain pine heath com­
munity encompasses this replacement type al so .  Both \�ittaker and 
Golden describe the canopy trees in their types as small  in bol e  
diameter and with poorly developed crowns . Similarly, the largest of 
the beetle-killed trees found in this study was 40  em dbh and the 
largest residual pine was only 25 em dbh . Stratal distribution of 
pines in the original canopy tended to be very heavily concentrated in 
the 3 to 10  em size class with varying densities in higher s i ze classes 
but with very l i ttl e representation in the subsapl ing and reproductive 
l ayers,  probably due to the dense heath layer . 
Infestations in these stands were very damaging , el iminating 80% 
of pine basal area greater than 10 em and destroying many lesser pines 
al so .  Canopy closures fol lowing kil l s  average only 1 1 . 5% ,  and in 30% 
of the plots c losure was estimated at 5% or less  (Table 3 in Appendix) . 
Replacement stands were predominately dense , small  diameter table 
mountain and pitch pines with scattered hardwood sapling s .  Al though 
pines accounted for over 70% of the l iving stems greater than 3 em dbh , 
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their relative density dropped to 1 7 . 79% in subsapling stratum and to 
1 . 25% in the seedl ing layer (Table 9 in Appendix) . Golden relates low 
pine reproduction in his study to inefficient sampl ing size noting that 
pine seedl ings tend to be establ ished in patches . Both Golden and 
Whittaker state that pine reproduction should be adequate for stand 
maintenance due to the open nature of the mature canopy, and Cain (1 937) 
thought that such stands are self-maintaining only on extremel y  xeric 
s ites . Cain and Whittaker suggest that ul timately fire is  the 
determiner of pine maintenance , al though Golden found no evidence of 
recent fire in his sampling areas, and fire evidence was noted in onl y 
one plot in the present study . 
The dearth of pine regeneration after beetle  infestation is 
noteworthy since the maintenance of pine on these s ites in the absence 
of fire would require relatively abundant pine seedl ing establishment 
fol lowing the severe canopy disruption caused by beetle-ki l l s .  This 
does not appear to be the case . Rather , pine seedl ing relative 
densities in the infested stands were a fraction of those that Golden 
found in undi sturbed stands , possibly refl ecting �ifferences in methods ,  
but probably relating to the fai lure of pine regeneration in competition 
with hardwood regeneration and shrub cover expansion . Optimum seedbed 
conditions for pitch and table mountain pines include mineral soi l s  and 
open sunl ight (Fowel l s ,  1965) , conditions almost totally  lacking on deep 
organic mats under dense Kalmia and herbaceous cover at these s ites . 
Reproduction densities for al l tree speci es were suppressed in 
this  community . The average total seeding density for this  type was 
approximately two-thirds or l ess  that of any of the other five forest 
types derived from this study . Moreover, one plot with a 1 00% cover 
of mountain laurel and Vaccinium and a 90% herb layer cover included 
no tree seedl ings at a l l . 
48 
Hardwoods in the table mountain pine-pitch pine type are primarily 
small -trees , especially red maple,  blackgum, and sourwood . Sapling 
blackgums were found in al l plots , and sapl ing red maples were in 90% 
of the sample .  In lower strata ,  blackgum diminished in  density in 
favor of the more shade tolerant red maples which accounted for over 
58% of the reproduction. Sourwood was not reproducing . Three oaks 
were present in the understory : chestnut oak (40% of the plots) , 
scarlet oak (30% of the plots) , and northern red oak ( 10% of the plots) . 
I n  the reproduction sample,  scarlet oak was found in 30% of the plots, 
northern red oak in 10%,  and chestnut oak seedl ings were absent 
indicating their very scattered reproduction . 
In the future , the predominance of table mountain and pitch pine 
in infested stands wi l l  decline unless some major disturbance ,  
particularly fire , opens up the ericaceous shrub cover and improves 
seedbed conditions for pine . Pole-si ze blackgums and red maples wi l l  
increase in cover constituting a mid �eral community with residual 
pines . Ul timately ,  these stands wi l l  succeed to widely scattered 
scarlet and chestnut oaks sharing the open canopy wi th patches of 
residual pines ,  or pine could conceivably be completely replaced by 
hardwoods .  The control l ing plant wi l l  probably be mountain l aurel . 
As envisioned , the future cover type wil l  be compositionally  s imilar to 
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Golden ' s  ( 1974) oak-pine type . In the long run, lfuittaker ' s  prediction 
that fire frequency i s  on a shorter cycle  than pine removal may very 
wel l prove tru� in which case dense pine stands would surely be 
reestabl ished and a new vegetative cycle would begin . 
Methods 
B .  CORRELATION AND REGRESSION ANALYS IS 
Relationships between site and vegetation variables were examined 
by correlation and mul tiple regression analyses . These analyses have 
been used extensively in ecological studies over the past three decades . 
Both techniques aided in the interpretation of data by statistically 
quantifying relationships . 
Significant correlation between two variables demonstrated their 
strong tendency to covary with one another . Whi le not necessari ly 
implying causal ity, correlations were useful in identifying inconspicuous 
relationships and in l ending statistical support to hypothesi zed 
interactions . 
�rul tiple regression proved to be a stronger interpretive tool . 
I t  was used to describe the functional relationship between absolute 
density,  the dependent variable,  and a set of s elected site and 
vegetation variables,  the independent variables , assumed to influence 
density . The regression equations and their associated statistics 
provided a means for evaluating contributions of each independent 
variabl e  to variance in density, and the equations also serve to a 
l imited extent as  prediction models .  
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Ten vegetation variables were selected for their importance in the 
structure of replacement stands , and regression equations were calculated 
for each variable for the overstory, understory, and reproduction 
strata . The vegetation parameters used as dependent variables were total 
pine, table mountain pine, pitch pine, total oak , scarlet oak , chestnut 
oak, red maple,  blackgum, and dogwood density (stems per hectare) . 
In  the overstory model s ,  independent variables were elevation 
( feet) , s lope position, percent slope , solar radiation ( 1000 Langl eys/ 
year) , depth to bedrock (em) , depth of the 0 horizon (em) , pH of the A 
hori zon, potassium and phosphorus avai labil ity in the A hori zon (Kg/ha) , 
and estimated acreage of the beetle kil l . In the understory model s the 
same independent variables plus total density, percent shrub cover tal ler 
than a meter , and shrub cover under a meter tal l  were us ed .  In the 
reproduction model s  independent variables were the same as in the 
understory model s  except that depth to bedrock was dropped as a 
causative factor and total understory density and herbaceous cover were 
added . 
The entire sample (81  plots) was used in regression analysis  without 
subdivision to give the widest variance in the variables tested . In 
spite of  this ,  coefficients of determination (R-square) were rather smal l 
for most model s due to the ubiquity of most species involved within the 
narrow l imits of southern pine beetle infestations . A l imitation of 
the model s was that the onl y available independent variable relating 
directly to the intensity of beetle infestations was acreage kil led .  
As explained earlier ,  an index based on pine basal area kil l ed by beetles 
was originally  planned , but data col lection for the index proved 
impractical for many plots . 
Overstory densities for the selected vegetation variables were 
compiled from the INFEST program previous ly mentioned and understory 
and reproduction densities for the same species and groups were 
calculated from field sheets . This information plus cover and site 
variables for each plot were combined in a disk file  created on the 
DEC System- 10  computer . 
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In  its final form the file contained 81  observations ,  corresponding 
to the 8 1  field plots, with 58 vegetation and site variabl es in each 
observation . Zero values were assigned to vegetation variables not 
present in specific observations, and the only missing values in the 
file  were for aspect transformation on level plots . 
Initially  correlation and stepwise mul tiple regression analyses 
were run on the DEC System-10  computer using STATPACK (Houchard , 1974 ) . 
However, this program could not process missing values , and it  offered 
few options for maximi zing regression equation reliabil ity and produced 
comparatively l imited statistical information . For those reasons , the 
analyses were rerun using the Statistical Analysis System (SAS) (Barr 
et al . ,  1 976) with more satisfactory resul ts . The SAS programs were 
written on the DEC System-10 and submitted for computation on the 
University of Tennessee IBM-360/65 computer . 
Stepwise mul tiple regression was run using the SAS maximum 
R-square improvement option (Barr et al . ,  1976;  Wade 1977) . This 
technique generates equations using all possible combinations of 
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independent variables ,  compares R-square values , and prints out the best 
one variable mode l ,  the best two variable model , and so on . Criteria 
for selecting model s  were, first that the rel iabi l ity of the equation 
determined by an F test be significant at P = 0 . 05 and , secondly,  that 
the rel iabil ity of each partial regress ion coefficient be s ignificant 
at P = 0 . 10 .  
In most  cases correlations and regression equations supported field 
observations and confirmed environmental trends suggested by the 
replacement types derived from cluster analysis . Topographic and 
edaphic relationships in particular affirmed that water-stressed trees 
on xeric or otherwise deficient sites were more susceptible to southern 
pine beetle attack (Sea l ,  1927;  Craighead , 1925;  Lorio , 1968 ; Lorio and 
Hodges , 1 977) . Thus , the stands sampled appeared to have been selected 
by the pine beetles because of low vigor . For this reason many 
correlations were the opposite of patterns associated with gradient 
analysis or transect sampling . 
For regression model s of vegetation parameters independent 
variabl es are l isted in order of importance according to their Type I I  
sum of squares . Independent variables which also showed signi ficant 
correlation (P = 0 . 05)  with the dependent variable are marked in the 
text with an asterisk (*) . Such variables were assumed to be strongly 
related to the dependent variable due to their inc lusion in both 
correlation and regression . 
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Site-Site Correlations 
Elevation correlated with three other topographic features (Table 10  
in Appendix) . As elevation increased,  the beetle ki l ls  sampled tended 
to be more southwest facing, steeper, and had greater solar radiation . 
This pattern was probably due to increased precipitation at higher 
elevations relegating pure pine stands of low vigor to increasingly 
steep and exposed si tes . 
Because solar radiation was derived from slope direction and 
percent slope , there were strong correlations between it and aspect 
and percent s lope . 
Higher slope positions were less steep than lower slope positions . 
The highest slope positions were relatively flat ridgetops , and although 
sol ar radiation estimates for such sites were lower than side slopes , 
wind exposure and other desiccating factors often created very xeric 
conditions . On lower slope positions beetle  kil l s  occurred more 
frequently on steeper slopes , the more xeric of these generally  mesic 
sites . 
Soil  depth was greater on upper slope positions . This is in accord 
with the trend toward steeper slopes in the lower elevation beetl e  kil ls . 
Steeper slopes resul ted in increased erosion ,  col luvial movement , and 
reduced soil accumulation and development . 
0 horizon thickness was greater at higher elevations , a trend which 
was al so apparent in the replacement type descriptions (Table 1 in 
Appendix) . The preponderance of deeper humus l ayers at higher 
elevations was due in large part to increased ericaceous shrub cover, 
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especial ly mountain laurel , and reduced decomposition rates . While  
deep, peaty organic mats were common at  the highest elevations sampled ,  
the lowest elevation plots were usually o l d  field areas with l imited 0 
hori zon development and high erosion potential . Thin 0 hori zons 
probably caused reduced infi ltration, greater soil  water evaporation, 
and reduced nutrient availabil ity to plants (Losche ,  1 967) , al l 
affecting tree vigor and susceptibil ity to beetl e  attack . 
A horizon pH decreased with elevation , more southwestwardly 
aspects , increased isolation, and deeper 0 horizons . Cain ( 1931 ) 
related increased acidity with elevation in the Smokies primarily 
because of  the l eaching effects of increased precipitation and peat 
formation under dense evergreen ericaceous shrubs . Strong correl ations 
between pH and herbaceous cover (especial ly ericads) and cover for 
tal l -shrubs (predominantly mountain laurel) and correlation between pH 
and depth of  the 0 hori zon paral lel Cain ' s  findings . 
Phosphorus in the A horizon showed no significant relationships 
with other site variables tested . Potassium increased with upper 
slope positions , more gentle slopes , and reduced solar radiation . 
Unl ike phosphorus , potassium is readily l eached from so ils  (Bray, 1974) , 
so that beetle-ki l l s  on steeper slopes tended to lose potassium because of  
increased runoff . The correlation between potassium and so lar radiation 
was probably due to the paired relationship between slope steepness and 
solar radiation . 
Size  of  beetle kil l s  correlated positively with slope steepness . 
I n  the sample ,  larger , often mul ti -acreage,  kil l s  tended to be on steep, 
dry slopes . 
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Herbaceous and Shrub Cover-Site Correlations 
Increased herbaceous cover correlated strongly  with increased 
elevation, depth of the 0 hori zon, and acidity of the A horizon, and 
there was a significant correlation between herbaceous cover and south­
west facing aspects . These trends were evident in the replacement type 
descriptions (Table 1 0  in Appendix) . �bst of the herbs on the deepest 
0 horizons were ericaceous (Gaul theria ,  Epiqea , Chimaphila) or closely 
a l l i ed ( Galax) , and cover was considerably higher in the table mountain 
pine-pitch pine type than any of the other replacement types identified . 
Shrub cover less than a meter high (predominantly Gaylus sacia and 
Vaccinium) significantly  increased with decreased s lope steepness and 
increased phosphorus availabil ity in the A hori zon . However, neither 
trend is evident from the replacement type descriptions . Increased low 
shrub cover on ridgetop positions was noticed in the field . 
Shrub cover over a meter high (predominantly mountain l aurel but 
al so including Gaylussacia, Lyonia , and others) correlated strongly with 
herbaceous cover , and , as with herbaceous cover , increased with elevation, 
aspect,  depth of the 0 horizon , and A hori zon acidity . In addition, it 
increased with slope, solar radiation, and A hori zon phosphorus . It was 
noted in the field that mountain laurel cover increased with site elevation 
and xeric site conditions . The si gnificant corre lation between tal l  
shrub cover and phosphorus was difficult to explain and may have been by 
chance . The table mountain pine-pitch pine type had the densest tal l 
shrub cover but was low in phosphorus . 
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Herbaceous and tal l -shrub cover were more dense under overstory 
table mountain and pitch pines , a relationship clearly visible in the 
table mountain pine-pitch pine replacement type . In contrast , both 
herbaceous and tal l - shrub cover decreased and low-shrub cover increased 
with increasing scarlet oak overstory densi ty .  Both classes o f  shrub 
cover dimini shed as dogwood increased in the replacement canopy on more 
mes ic sites . 
Overstory Relationships 
Total overstory. Regression analysis related increasing total 
overstory density to less acidic soi ls* ,  reduced so lar radiation, and 
steeper slopes (Table  19  in Appendix; Table 1 1  in Appendix) . The most 
dense stands found in the field were stands of sapling size pines ,  and 
it appeared that high density values from these plots dominated the 
total overstory stati stical analysis . Pine density correlated very 
highly with total density (Tab le 12 in Appendix) , and the site factors 
selected by the regression model for total density were appl icable to 
pine sites . Al l pine stands were on very acidic soi l s .  Stands 
dominated by table mountain pine and pitch pine were on very steep 
s lopes, and Virginia pine stands were on flat ridgetops on which solar 
radiation estimates were low due to their low slope angle .  Further, 
shrub and herbaceous cover increased as total density increased, a 
characteristic of table mountain pine-pitch pine stands (Tabl e  9 in 
Appendix) . 
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Pine overstory. Regression analysis showed that residual pines 
were more abundant on sites with high soil acidity* , steep slope* , and 
high slope positions (Table 20 in Appendix) . Paradoxically,  stands on 
such sites were also the most attractive to southern pine beetles . 
Prior to infestation, pine stands on these sites had open canopies 
al lowing the maintenance of suppressed pines in the subcanopy. 
\�ittaker ( 1956) described climax pine stands in the Smokies as having 
a biomodal size class distribution, and Golden ( 1 974 ) found examples 
of this community structure in his table mountain pine-pitch pine type . 
In  these stands ,  bark beetles tended to attack the largest trees while  
usual ly not attacking adjacent saplings (Hoffman and Anderson,  1 945) . 
As a resul t ,  although infestations on dry, upper s lopes were very 
intense and often ki l led al l pines in the original canopy, surviving 
pine sapl ings were more abundant than on less xeric sites where 
hardwood sapl ings had become wel l establi shed prior to the kil l .  
Correlation analysis indicated that other site factors relating to 
increased pine overstory density were increased el evation and thicker 
organic horizons (Table  1 1  in Appendix) . Pine overstory density also 
correlated very strongly with pitch and table mountain pines . These 
relationships indicate that high sapling density in the table  mountain 
pine-pitch pine type were responsible . 
The inabil ity of sapl ing pines to compete with hardwoods on mesic 
sites was il lustrated by the inverse relationship between pine overstory 
density and both red maple and dogwood overstory density (Tabl e  1 2  in 
Appendix) . 
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Table mountain pine and pitch pine in the overstory were very 
closely associated (Table  1 2  in Appendix) , and regression model s  for 
both species included increased A hori zon acidity* and elevation* 
(Table 21 in Appendix) . The table mountain pine model also included 
increased slope angle*,  implying an affinity for more xeric conditions .  
Other relationships evident from correlations were that thicker 0 
hori zons were under dense stands of both of these pines , no doubt due to 
increased mountain laurel cover (Table 1 1  in Appendix) . Table mountain 
pine appeared to be more successful on sites with low potassium .  
Al though the R-square value was very low , Virginia pine i n  the 
overstory was best predicted at decreasing elevations wi th increasing 
soil  acidity (Table 23 in Appendix) . Virginia pine was l imited to 
el evations below 902 meters (2960 feet) and was typical ly found on 
moderate to strongly acid soils . 
Oak overstory . Variation in oak overstory density did not appear 
to be directly related to any of the site variables measured , probably 
because oaks were widely distributed on al l sample sites . 
Scarlet oak in the overstory was best explained by more gentle 
slopes* and increasing soil depth* (Table  25 in Appendix;  Tab le 11 in 
Appendix) indicative of its occupation of relatively flat ridgetop sites 
O�hittaker , 1956 ; Stupka , 1964 ; Racine , 1971 ) . 
Chestnut oak overstory density was predicted by increased 
elevation*, thinner organic soil hori zons , and increased potassium 
avai labil ity (Table 26 in Appendix; Table 1 1  in Appendix) . These 
conditions were best met in the blackgum-mixed pine repl acement type . 
This  type will  probably  eventually  succeed to stands dominated by 
chestnut oak . 
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Red maple overstory . The dominance of red maple on protected sites 
was reflected in the regression model which related red mapl e  overstory 
density to lower slope positions , reduced solar radiation* , increased 
elevation, and reduced slope (Table 27 in Appendix; Table 1 1  in Appendix) . 
There was an inverse relationship between red maple and blackgum 
abundance in the overstory (Table 1 2  in Appendix) . In beetle ki l l s  
both trees appeared to b e  in intermediate seral positions , and they had 
very similar site requirements . Red maple , however, had a competitive 
advantage on more mesic sites whil e  blackgum was better adapted to high 
solar radiation and xeric conditions . 
Blackgum overstory . Phosphorus availabil ity in the A hori zon* and 
increased solar radiation* best explained blackgum overstory density 
(Table 28 in Appendix ; Tabl e  1 1  in Appendix) . This trend was also seen 
in the replacement type description for the blackgum-mixed pine type 
(Tabl e  6 in Appendix) which had the highest mean soil phosphorus content 
and the second highest mean solar radiation . Apparently bl ackgum could 
endure low moisture availabil ity but was sensitive to low so il 
fertil ity . 
Blackgum and oak density was positively correlated in the overstory 
indicating that they compete for similar sites (Tabl e  1 2  in Appendix) . 
Oaks were usually  l arger trees and were scattered in the plots al lowing 
sapling size blackgums to occupy intervening openings . 
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As statistical analysis suggests, the general behavior o f  blackgum 
in beetle  kil led stands indicated relatively low to lerance . Dense 
patches of small  sized trees were found on exposed sites where the 
original canopy had probably been fairly open allowing a rel atively high 
amount of sunl ight to reach the understory . Fowell s ( 1 965) reports that 
blackgurn usually  is found in the intermediate crown class in mixture 
with other species , and that it responds poorly to release . Further , 
there are no known reports of  mature even-aged blackgurn stands on xeric 
sites in the Southern Appalachians . Accordingly, in spite o f  blackgurns ' 
dominance in many replacement stands , it is expected that few blackgums 
wil l  grow to fil l  the gaps in the original canopy . �rost wil l  probably 
remain small  and wil l eventually be overtopped by other hardwood species . 
Dogwood overstory . Regression analysis indicated that dogwood in 
the replacement canopy increased with lower el evations* , decreased 
solar radiation*,  deeper organic horizons , less acid soils*  and steeper 
slopes (Tabl e 29 in Appendix) . In addition dogwood correl ated with more 
protected aspects (Table  1 1  in Appendix) . These variables confirmed the 
field observation that dogwood was restricted to relatively protected 
old field sites . The restriction is probably due to its susceptibi l ity 
to drought (Fewel l ,  1 965) , a regular microcl imatic occurrence on 
extremely exposed sites (Racine , 1966) . 
The inverse rel ationship between dogwood and blackgum overstory 
densities was similar to the rel ationship between red mapl e and blackgurn . 
Although site requirements for dogwood and blackgum were similar,  
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dogwood apparently had the competitive advantage on mesic sites 
rel egating blackgum to xeric sites where dogwood was restricted by lack 
of moisture . 
Dogwood i s  normal ly  an understory species, and it wil l  rapidly 
decl ine in replacement overstory cover as other tol erant hardwoods 
overtop it .  
Understory Rel ationships 
Total understory . As would be expected , in the understory stratum 
hardwood subsapl ings were more prevalent than pines . The regression 
model indicated that total understory density increased with lower 
el evations* ,  smaller kill s ,  increased potassium availabil ity, thinner 
organic hori zons* ,  more dense overstories, and reduced soil acidity* 
(Table 1 9  in Appendix ; Table 13 in Appendix) . These variables suggested 
that understory density was higher at low el evations on somewhat protected 
old field sites . Such understories were dominated by red maple,  dogwood , 
and white p ine . 
Correl ations between total understory density and its species 
constituents (Table  15 in Appendix) showed that red mapl e ,  Virginia pine, 
chestnut oak, and dogwood were the common components of dense under­
stories . All  of these except Virginia pine are fairly tol erant and were 
often found in understories of mixed species . Virginia pine subsaplings ,  
however , grew in dense, almost pure understory stands on dry ridges . 
Scarlet oak and blackgum were widely distributed and showed a l ess 
pronounced tendency to grow in dense understories . 
Pine understory. The regression model for density of understory 
pines identified lower elevations , upper slope positions , sha l lower 
so il s ,  and denser overstory (Table 20 in Appendix) . These conditions 
best describe Virginia pine understory on ridgetop sites , and the 
regression model for Virginia pine was similar (Table 23 in Appendix) . 
Of the pines, Virginia pine was the most dense ·in the understory 
(Table  1 5  in Appendix) because of its characteristic of forming very 
dense thickets under open stands and because of the suppression of 
pitch and table  mountain pine subsaplings by mountain laurel . 
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Table  mountain pine and pitch pine were very closely associated in 
the understory (Table 15  in Appendix) . Regression model s for both 
species included increased total overstory density (Table 21 in 
Appendix; Table 22 in Appendix) . The table mountain pine equation al so 
included increased slope steepness* indicating that it was more 
restricted to exposed sites than was pitch pine . Understory density 
for both species increased as their density in the overstory increased 
(Tabl e  14 in Appendix) . 
Virginia pine and oaks in the understory increased in density 
together indicating that they were often found on the same sites . 
Virginia pines in the understory were usual ly suppressed trees and most 
wil l  probabl y  not pers ist to maturity . 
Oak understory . Oak in the understory was best preaicted by thinner 
soil s* ,  lower el evation* , higher slope positions , and increased low 
shrub cover (Table  24 in Appendix; Table 1 3  in Appendix) . From field 
observations these were ridge sites at low elevations . Pos t ,  southern 
red , and white oaks dropped out of the sample as elevations increased , 
possibly accounting for the negative correl ation with elevation . 
The chestnut oak understory density model included smaller beet l e  
kil l s * ,  increased low-shrub cover* , increased soi l  potassium avail ­
abil ity, and lower elevations , whil e  correlations also related it with 
reduced s lope (Table  26 in Appendix; Tabl e  1 3  in Appendix) . These all  
point to low el evation ridge sites as  optimum locations . Chestnut oak 
was the preval ent understory species beneath Virginia pine overstories 
(Tabl e  14 in Appendix) ; it wil l  l ikely replace Virginia pine on such 
s ites . 
Scarlet oak in the understory increased as its overstory density 
increased (Tabl e  14 in Appendix) probably due to prolific sprouting 
(Powe l l s ,  1965) . 
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Red mapl e understory . Red maple was very common in the understory, 
and because of its wide distribution it was poorly explained by 
regression and correlation. Reduced A hori zon acidity was the only 
s ignificant variable identified in either analysis  (Table 27 in 
Appendix;  Tabl e  13 in Appendix) , indicating a slight tendency to 
increase at low elevation where red maple was a common overstory 
dominant . 
Blackgum understory . The blackgum understory density model 
included thinner 0 horizons , increased potassium avail abil ity, increased 
solar radiation, and increased A horizon acidity (Tabl e  28 in Appendix) , 
indicating that relatively fertile  xeric sites are optirnum, as was true 
with blackgurn in the overstory . Correlation analysis indicates a 
positive relationship between blackgum in the overstory and understory 
(Table  1 4  in Appendix) . 
Understory blackgums increased with more open stands dominated by 
low-tol erance oaks, particularly scarlet oak ,  but decreased under more 
closed understories containing red maple and dogwood (Tabl e  14 in 
Appendix) . 
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Dogwood understory . Dogwood understory density was best explained 
by reduced so lar radiation*,  less acidic soi l * ,  steeper slopes , reduced 
low-shrub cover*,  and smal ler kil l s  (Table 29 in Appendix; Table 1 3  in 
Appendix) . Correlation alone indicated an increase with lower 
elevations , more protected aspects, thinner 0 hori zons , and dogwood in 
the overstory (Table 14 in Appendix) . All  of these site vari�bl es except 
0 horizon thickness were the same in the dogwood overstory analys es . 
Apparently there was increased sprouting on sites with thinner 0 
hori zons . 
Reproduction Relationships 
Total reproduction . Regression tied increased reproduction to 
reduced low-shrub cover* , less acidic soi l s * ,  lower s lope positions , 
smal ler kil l s ,  reduced s lope steepness , and increased understory 
density* (Tabl e  1 9  in Appendix, Table 16 in Appendix; Table 17  in 
Appendix) . Correlation analysis added lower elevations , more protected 
aspects,  reduced sol ar radiation, thinner 0 horizons , and reduced herb 
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and tal l - shrub cover also correlated with total reproduction . The 
conditions were typical of submesic old field s ites where red mapl e  and 
dogwood reproduction was very dense (Table 4 in Appendix) . Comparing 
total overstory, understory, and reproduction dens ities , there was a 
definite tendency toward more mesic species and site conditions with 
lower strata . 
Total reproduction decreased under table mountain and pitch pine 
overstories (Table 14 in Appendix) . This was due to the corresponding 
increase in mountain laurel which severely restricted a l l  seedling 
establishment . 
Pine reproduction . As expected , predictions from regression 
equations for pine reproduction and its species components were very 
poor with R- squares of . 10 or less . General ly pine reproduction was 
meager throughout the sampl e .  Virginia pine reproduction was the most 
pro l i fic (Tab le 1 8  in Appendix) , and as a resul t, the variables for total 
pine reproduction were identical with those for Virginia pine . Both 
regression equations contained only tal l -shrub cover*,  and correlation 
added only aspect (Table 20 in Appendix; Tab le 23 in Appendix;  Tab le 16  
in Appendix) . The positive correlation with aspect was because Virginia 
pine seedl ings were more dense on southeast facing rather than southwest 
facing s lopes . Such s ites were often old fields . 
Table mountain pine reproduction was highest on higher el evation 
sites with thin 0 horizons (Tab le 21 in Appendix) . The positive 
relationship between seedl ing density and thin organic layers suggested 
that peaty humus layers in the tabl e mountain pine-pitch pine type 
restricted table mountain pine seedling establishment . 
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Table mountain pine reproduction increased as  it increased as a 
component of the understory, and pitch pine reproduction increased with 
both understory pitch and table mountain pines (Table 1 7  in Appendix) . 
Pitch pine reproduction also positively correlated with red maple 
understory density . The relationship appeared weak and may have 
reflected a chance correlation , since it would seem that intolerant 
pi tch pine seedlings would be shaded out by a dense red maple  understory . 
Pitch pine and red maple reproduction tended to increase together 
(Table  18 in Appendix) . From tally  sheets it was found that high density 
for both coincided only on a very few upper slope sites . The positive 
correlation between Virginia pine and dogwood was not apparent from 
field data and was perhaps just a chance correlation . 
Oak reproduction . Regression showed increased oak reproduction 
associated with thinner 0 horizons* ,  less acid A hori zons * ,  lower slope 
positions , and reduced shrub cover* , and additional correlates were 
decreased e levation and reduced herbaceous and tal l -shrub cover {Table 24 
in Appendix ; Tabl e  16 in Appendix) . These conditions were typical of 
old field s ites in contrast to exposed· ridgetops on which oak was a more 
common component of the understory . Thi s  site-density di stribution for 
oak is in keeping with the findings of Carvel l and Tryon ( 1961 ) in West 
Virginia . 
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Oak reproduction was inversely related to table mountain and pitch 
pine in the overstory and was positively rel ated to dogwood overstory 
density further suggesting an affinity for more mesic sites  (Table 14 in 
Appendix) . 
Increased scarlet oak reproduction was predicted by thinner organic 
horizons* ,  higher elevations , increased so lar radiation, less acid 
soi ls* ,  reduced low- shrub cover and reduced slope steepness (Table 25 in 
Appendix) . Such condi tions were found on upper slope and ridgetop 
positions where scarlet oak was most abundant in the overstory and 
sprouting was prolific . The intol erance of scarlet oak was evident in 
its dependence on increased solar radiation and reduced low-shrub cover . 
Chestnut oak reproduction increased with blackgum overstory density 
(Table  14 in Appendix), implying that chestnut oak may be an important 
successor on sites presently dominated by blackgum . 
Red maple reproduction . Regress ion analysis related increased red 
mapl e  reproduction to decreased potassium in the A hori zon* , reduced herb 
cover , reduced so lar radiation , reduced low-shrub cover , increased 
elevation, and increased understory dens ity (Table 27 in Appendix; 
Tabl e  16 in Appendix) . Red maple reproduction tended to be high beneath 
red maple  or blackgum subsaplings (Table 17  in Appendix) on protected 
upper slope positions . Reproduction did not appear to be sensitive to 
low soi l nutrition (Fowel l s ,  1965) , but it was l imited by extremely 
xeric s ite conditions . 
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Blackgum reproduction . Variance in blackgum reproduction was best 
explained by increased elevation, thinner organic l ayers * ,  and reduced 
tal l -shrub cover* ,  and correlation weakly related b lackgum reproduction 
to less exposed aspects , l ess  acidic soi l s ,  and increased potassium 
availabil ity (Table 28 in Appendix; Table 1 6  in Appendix) . Optimum 
sites tended to be mid elevation, southeast facing upper slopes 
suggesting s l ightly less xeric conditions than those where b lackgum 
overstory was predominant . Blackgum reproduction correlated with 
overstory density indicating its tendency to sprout (Fowel l s ,  1 967) . 
Dogwood reproduction . Increased dogwood reproduction was best 
predicted by decreased so lar radiation* , reduced low-shrub cover* , 
and l ess acid A horizons* ;  other correlates were decreased elevation, 
more protected aspects , and thinner 0 hori zons (Table 29 in Appendix; 
Table 1 6  in Appendix) . As with dogwood in the other strata (Table 14  
in Appendix; Table 17  in Appendix) , reproduction was most abundant on 
low elevation submesic sites . 
CHAPTER VI 
SUMMARY AND CONCLUSIONS 
A .  SUMMARY 
Resul ts of  this study support the findings of Hoffman and Anderson 
( 1945) that southern pine beetle infestations convert pine stands to 
mixed pine-hardwood stands with poor pine reproduction . Prior to 
infestatio� sampled stands averaged 83% pine , and beetles ki l led an 
average of  88% of the canopy pine basal area or 72% of the original 
canopy . Surviving pines averaged 30% of the replacement overstory 
( sterns greater than 3 em), whi le pine accounted for only 8% of the 
understory stems and 5% of the reproduction . In absence of further 
disturbance, yel low pines wi l l  probably continue to diminish in importance 
as more tolerant hardwoods fil l  canopy gaps . 
Six replacement types were derived from cluster analysis ,  and these 
were grouped into three broader type-groups . The first type-group 
consisted of stands dominated by red maple and included the red maple­
dogwood and the red maple-sourwood types . The contro ll ing factor for 
red maple dominance appeared to be relatively low incident solar 
radiation which was expressed as a comb ination of protected aspects and 
low s lope angle . Before infestation, pines probably  occupied these 
sites because of disturbance by humans and poor soi l conditions . Sites 
occupied by this type-group were the most mesic of those sarnpled, and 
replacement of  overstory pines by hardwoods was the most complete . 
69 
70 
The two replacement types within the red maple type-group were 
separated by elevation and topgraphic position, the red maple-dogwood 
type occupying low elevations and mid to low slope positions, and the 
drier red maple-sourwood type occupying mid elevation, broad ridgetops 
and protected upper s lopes . The red maple-dogwood type appeared to be 
rapidly converting to mixed hardwoods and white pine . The future 
canopy of the red maple-sourwood type wil l  be a mixture of chestnut oak, 
scarlet oak, and residual pines,  probably succeeding to stands 
dominated by chestnut oak . 
The second general type-group consisted of stands in which 
surviving pines shared dominance in the replacement canopy with either 
blackgum or scarlet oak . Stands in this category made up 60% of the 
total sample,  and included the blackgum-mixed pine , Virginia pine­
b lackgum, and mixed pine-scarlet oak replacement types . Elevations 
ranged from 345 to 1 250 meters ( 1 1 30-4 100 feet) but were typica l ly mid 
elevational , and sites were steep side slopes or narrow ridgetops 
receiving high insolation . Soil  fertil ity, speci fica l ly phosphorus 
availabil ity in the A hori zon, appeared to be an important _factor in 
separating these three replacement types . Relatively fertile  but steep 
mid to upper slope pos itions were occupied by blackgum-mixed pine stands . 
On upper slopes and ridgetops in which phosphorus was somewhat more 
l imited the Virginia pine-blackgum type was preval ent , and s imi lar 
topographic sites  where phosphorus and potassium availabil ity was very 
low were occupied by scarlet oak-mixed pine stands . 
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Blackgum-mixed pine stands are expected to succeed to scarlet oak , 
chestnut oak , and residual pines for a considerable time, possibly 
eventual ly succeeding to open chestnut oak . Virginia pine wil l  probably  
continue to make up a large portion of  the Virginia pine -blackgum 
overstory . However, scarl et oak and chestnut oak wil l  ultimately 
dominate these sites with scattered pines present in the canopy . The 
mixed pine-scarlet oak type is expected to succeed to stands dominated 
by scarlet oak with blackjack oak , black oak , chestnut oak, and 
scattered pines as associates . 
The third type-group consisted of the single remaining replacement 
type, table mountain pine-pitch pine . This type occupied exposed steep 
upper slope beetle kil l s  at el evations averaging over 1 000 meters ( 3280 
feet) . Soi l s  were thin, 0 hori zons were deep and peaty , and A horizons 
were highly acidic and extremely low in both phosphorus and potassium . 
Residual pines ,  largely sapl ing size, accounted for 70% of the overstory 
density . Dense mountain laurel and ericaceous herb cover restricted 
the establishment of an understory stratum. Without disturbance , table 
mountain and pitch pines wi ll  dominate in very open patchy stands 
associated with red maple,  blackgum, and scattered scarlet oaks . Little 
pine reproduction was found, and additional pine regeneration under 
prevail ing conditions is  highly unlikely.  From stratal patterns it 
appeared that pine wil l not maintain dominance and that red maple ,  
blackgum, scarlet oak and chestnut oak wil l slowly increase in 
importance . Overstory canopies on such sites wil l  remain very open 
indefinitely .  
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The distribution of replacement types in relationship to elevation 
and moisture is summari zed in Figure 3 .  
The permanent conversion of pine stands to mixed pine-hardwoods by 
southern pine beetles would seem to be detrimental to the beetle as wel l  
as to pines . Barden (1974)  inferred that modern outbreaks of pine 
beetles in the Great Smoky Mountains were opportunistic and were the 
result of increased pine acreage due to man-caused fire since European 
settlement of the area . He predicted that the importance of the beet les 
wil l  diminish as most pine forests in the park are al lowed to natural ly  
succeed to  hardwoods .  To an extent wil l  wil l  certainly be the cas e .  
However , the fact that the southern pine beetle has evolved i n  a very 
complex and highly selective system for mass  attacking pines on moisture 
deficient sites (Gara, 1967; Rudinsky, 1973) suggests that such behavior 
should be favorable to the continuance of both beetle populations and 
pure pine stands as the beetle ' s  host type . 
Fire is  perhaps the key to this interpretation ; The accumulation 
of dry, resinous pine debris after an infestation is dramatic , and heavy 
fuel loadings greatly increase the potential for hot fires . In 
investigating the impacts of an extensive l ightning-caused fire in the 
Cades Cove subdistrict, National Park Service researchers found that 
height of leaf-scorch increased threefold in beetle kil l s  over the 
surrounding uninfested area implying a much greater fire intensity 
(Mark Harmon, Personal Communication) . As Barden ( 1 974 ) demonstrated , 
hotter fires tend to favor pine seedl ing establishment whi l e  coo ler 
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I t  i s  possible , then, that southern pine beetle infestations may 
encourage reestablishment of  pure pine or pine dominated stands by 
increas ing the inflamabil ity of stands . Beetle  kil ls  may serve as 
primers · for kindling surface fires into crown fires which reduce 
competing hardwoods and prepare excel lent pine seedbed conditions . 
B .  CONCLUSIONS 
The fol lowing conclus ions appear warranted from the resul ts of  
thi s  study. 
1 .  In  the Great Smoky �rountains the southern pine beetle greatly 
reduced the importance of pine in infested stands , in most 
cases converting pine dominated stands to open mixed pine­
hardwood stands having abundant hardwood regeneration but 
l ittle pine . 
2 .  Six replacement types derived from cluster analysis  were : 
(a) the red maple -dogwood type , 
(b) the red mapl e-sourwood type , 
(c) the blackgum-mixed pine type , 
(d) the Virginia pine-blackgum type, 
( e) the mixed pine-scarlet oak type , 
( f) the table  mountain pine-pitch pine type . 
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3 .  Lack of upper canopy, the prevalence o f  sapl ing size and smal ler 
stems , and the dominance of res idual pines and mid seral and 
intolerant har�woods indicated that sampled stands were in 
early stages of recovery . 
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4 .  Environmental factors influencing replacement stand composition 
appeared to be elevation, incident sol ar radiation, topographic 
position, and soi l  nutrient availability .  General ly,  sites 
were topographical ly xeric or on infertile  soils  or both . 
5 .  In the absence o f  further disturbance, pines wil l  continue to 
decl ine in importance in all  stands . Replacement wil l  be as 
fol lows : 
(a) on sub-mesic old fi eld sites pines wil l be replaced by 
mixed hardwoods and white pines , 
(b) on sub-xeric and relatively fertile  xeric sites chestnut 
oak wil l  eventual ly dominate with scarlet oak as an 
associate , 
(c) on infertile xeric sites scar let oak wi l l  dominate with 
scattered pines in the canopy . 
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�lEAN S ITE VARIABLES FOR REPLACE�IENT TYPES 
Soil  
Elev. % So lar Slope Depth 0 Depth P in A K in A 
Replacement Type (m) a Aspect Slopeb Radiationc Pos itiond (em) (em) pH of A (kg/hn) e (kg/ha} e 
Red �lapl e-Oogwood 4 2 2  180° 36 . 0�6 276 . 0  . 55 68 . 5  3 . 6  4 . 80 2 . 2  1 1 1 . 8  
Red Maple-Sourwood 757 221° 36 . 7 \  277 . 7  . 80 7 3 . 1  4 . 0  4 . 70 2 . 6  1 1 3 . 0  
Bl ackgum-�lixed P ine 820 185° 40 . 6\ 296 . 3  . 7 2  69 . 8  5 . 2  4 . 66 3 . 1  1 08 . 5  
Virginia Pinc- Blnckgum 596 201 ° 40 . 3\ 291 . 3  . 78 70. 7 3 . 9  4 . 58 2 . 7  1 1 3 . 7  
Mixed P ine-Scarlet Oak 549 167" 38 . 5\ 290 . 2  . 80 77 . 2  3 . 8  4 . 58 2 . 2  1 08 . 1  
Table Mtn. P ine-Pitch 1030 202° 45. 1 \  301 . 9  . 76 67. 2 8 . 2  4 . 38 2 . 2  9 3 . 0  
Pine -
3For conversion to fee t ,  mul tiply by 3 . 28 feet/m/ 
bSlopes averaged for side slope pos i t ions only ,  and the mean does not include flat ridgetops . 
c
Determined by slope and aspect transformation (Frank and Lee , 1966) . 
dRatio of distance from draw v s .  total d i s tance from draw to ridge ( i . e . ,  draw position = 0, r idge position = 1 . 0) . 
eFor conversion to pounds per acre, mul�iply by 0 . 90 . 
87 
TABLE 2 
ESTIMATED RELATIVE CANOPY PINE VOLmtES FOR REPLACEt.fENT 
TYPES BEFORE AND AFTER INFESTATIONS 
Pine Relative Basal % of Pine % of Total 
Area in Original Basal Area Basal Area 
ReElacement TlEe Stand (%) Kil l ed Kil l ed 
Red Map l e-Dogwood 70 97 68 
Red Mapl e-Sourwood 79 91 7 2  
Blackgum-Mixed Pine 82 90 73 
Virginia Pine-Blackgum 86 85 73 
Mixed Pine-Scarlet Oak 78 88 68 




MEAN COVER ESTI��TES FOR REPLACE�ffiNT TYPES 
% % Cover- % Cover-
Canopy Shrubs > 1 m shrubs < 1 m % Cover-
ReElacement TyEe Closure Tall  Tal l  Herbs 
Red Maple-Dogwood 43 . 8  23 . 6  1 2 . 2  2 . 2  
Red Mapl e-Sourwood 32 . 9  28 . 5  50 . 6  4 . 6 
Blackgum-Mixed Pine 25 . 5  37 . 2  45 . 1  1 3 . 5  
Virginia Pine-Blackgum 20 . 5  26 . 5  37 . 7  1 0 . 2 
Mixed Pine-Scarlet Oak 31 . 4  1 6 . 8 38 . 0  4 . 1  
Table Mtn . Pine-Pitch 1 1 . 5  77 . 5  30 . 3  38 . 6  
Pine 
TABLE 4 
COMPOSITION OF TilE RED t.fAPLE-DOGWOOD REPLACEMENT TYPE ACCORDING TO 
RELATIVE DENS ITY OF OVERSTORY (N. = 1 2) 
Overs tory 
Taxon Total Stemsa Residual Canopyb SaEl ingsc Understoryd ReEroductione 
RD F RD RBA F RD F RD F RD F 
Acer rubrum 19 . 6  9 1 . 7  1 3 . 7  1 0 . 4  83 . 3  21 . 9  1 00 . 0  1 3 . 8  83 . 3  23 . 0  91 . 7  
Cornus florida 19 . 4  75 . 0  9 . 2  6 . 2  50 . 0  23 . 5  91 . 7  37 . 6  66 . 7  32 . 7  75 . 0  
Oxydendrum arboreum 8 . 7  83 . 3  1 1 . 3  7 . 7  75 . 0  7 . 6  91 . 7  1 . 7  16 . 7  0 . 5  16 . 7  
Nyssa sylvatica 8 . 6  75 . 0  4 . 2  2 . 5  4 1 . 7  1 0 . 3 83 . 3  2 . 6  1 6 . 7  1 . 6 25 . 0  
Car� tomentosa 7 . 4  58 . 3  8 . 3  7 . 5  4 1 . 7  6 . 8  66 . 7  4 . 8  4 1 . 7  1 . 0 25 . 0  
Quercus alba 7 . 0  50 . 0  1 1 . 6  1 3 . 8  50 . 0  5 . 1 50 . 0  0 . 4  8 . 3  5 . 8  58 . 3  
Tsuga canadensis 5 . 8  58 . 3  2 . 1 2 . 0  33 . 3  7 . 4 66 . 7  3 . 5 33 . 3  1 . 8 25 . 0  
Pinus strobus 4 . 5  58 . 3  5 . 3  1 1 . 1  41 . 7  4 . 4 50 . 0  1 2 . 6  66 . 7  1 3 . 9  66 . 7  
Liriodendron tu1 ipifera 3 . 5  50 . 0 7 . 4  7 . 0  33 . 3 2 . 0 58 . 3  1 . 3  25 . 0  2 . 1 41 . 7  
Quercus coccinea 3 . 1  58 . 3  8 . 4  14 . 8  58 . 3  1 . 0  25 . 0  8 . 6  8 . 3  3 . 1 50 . 0  
! lex opaca 3 . 0  4 1 . 7  1 . 0 0 . 6  8 . 3  3 . 8  4 1 . 7  3 . 5  4 1 . 7  2 . 6  33 . 3  
Carya glabra 2 . 0  4 1 . 7  1 . 8  0 . 9  33 . 3  2 . 1  4 1 . 7  3 . 0  33 . 3  
Quercus prinus 1 . 6 8 . 3  3 . 9  2 . 2  8 . 3  0 . 7  8 . 3  0 . 4  8 . 3  
Quercus ve1untina 1 . 0  4 1 . 7  2 . 8 3 . 0  4 1 . 7  0 . 3 1 6 . 7  0 . 9  1 6 . 7 1 . 0  16 . 7  
Sassafras albidum 1 . 0  50 . 0  1 . 0 0 . 7  1 6 . 7  1 . 0  4 1 . 7  1 . 3  33 . 3  1 . 3 8 . 3  
Pinus virginiana 0 . 6  25 . 0  1 . 8  1 . 4 25 . 0  0 . 1  8 . 3  2 . 2  8 . 3  1 . 6 1 6 . 7  
Pinus echinata 0 . 5  1 6 . 7  1 . 8 2 . 9  0 . 5  co 
ID 
Taxon 












Liquidambar styraci flua 
Acer saccharum 








0 . 5  25 . 0  
0 . 4  25 . 0  
0 . 3  1 6 . 7  
0 . 2  1 6 . 7  
0 . 2  25 . 0  
0 . 2  8 . 3  
0 . 2  8 . 3  
0 . 2  8 . 3  
0 . 1  8 . 3  
0 . 1  8 . 3  
0 . 1  8 . 3  
- - - -
- - - -
- - - -
- - - -
- - - -
- - - -
TABLE 4 (continued) 
Overs tory 
Residual CanoEyb 
RD RBA F 
1 . 8 1 . 5  25 . 0  
1 . 0 2 . 2 1 6 . 7  
0 . 7  0 . 6  8 . 3  
- - - - - -
- - - - - -
- - - - - -
- - - - - -
- - - - - -
- - - - - -
0 . 4  0 . 9  8 . 3  
- - - - - -
- - - - - -
- - - - - -
- - - - - -
- - - - - -
- - - - - -
- - - - - -
SaEl inEsc 
RD F 
0 . 1  8 . 3  
0 . 1  8 . 3  
0 . 3  1 6 . 7  
0 . 3 25 . 0  
0 . 3  8 . 3  
0 . 3  8 . 3  
0 . 3  8 . 3  
0 . 1  8 . 3  
- - - -
- - - -
- - - -
- - - -
- - - -
- - - -
- - - -
Understoryd 
RD F 
0 . 4  8 . 3  
0 . 4  8 . 3  
0 . 4  8 . 3  
3 . 0  1 6 . 7  
1 . 3  8 . 3  
- - - -
1 . 3  8 . 3  
- - - -
0 . 1  8 . 3  
0 . 9  1 6 . 7  
0 . 9  1 6 . 7  
0 . 4 8 . 3  
0 . 4  8 . 3  
- - - -
- - - -
Reproductione 
RD F 
0 . 3  8 . 3  
0 . 8  8 . 3  
0 . 5  8 . 3  
0 . 3  8 . 3  
0 . 8  8 . 3  
_t;_ 
5 . 0  25 . 0  
0 . 3  8 . 3  
10 0 
TABLE 4 (continued) 
aStems greater than 3 em dbh . 
b Stems greater than 1 0  em dbh .  
cStems greater than 3 em and l ess  than 10  em dbh . 
d Stems l ess than 3 em dbh and tal l er than 1 meter . 
e Stems l ess than 1 meter tal l .  
\0 .... 
TABLE 5 




















RELATIVE DENSITY OF OVERSTORY (N = 10) 
Overstorl:: 
Total Stemsa Residual Canopy b Sapl ingsc 
RD F RD RBA F RD F 
4 8 . 7  100 . 0  25 . 1  15 . 5  100 . 0  56 . 8  100 . 0  
1 0 . 4  100 . 0  9 . 3 4 . 8  100 . 0  1 0 . 0  90 � 0  
7 . 9  90 . 0  1 5 . 8  1 7 . 3  90 . 0  5 . 1  70 . 0  
7 . 4  100 . 0  2 . 2  7 . 1  40 . 0  9 . 3  90 . 0  
7 . 0  1 00 . 0  18 . 6  22 . 2  80 . 0  3 . 0  80 . 0  
6 . 2  80 . 0  1 2 . 0  1 7 . 2  70 . 0  4 . 2  60 . 0  
2 . 8  30 . 0  6 . 0  5 . 3  30 . 0  1 . 7 30 . 0  
2 . 4  50 . 0  3 . 3  4 . 2  50 . 0  2 . 0  50 . 0  
2 . 4  40 . 0  3 . 3  2 . 9  20 . 0  2 . 0  40 . 0  
2 . 1  20 . 0  1 . 6 1 . 1  1 0 . 0  2 . 3  20 . 0  
0 . 8  10 . 0  2 . 2 2 . 2  10 . 0  0 . 4  1 0 . 0  
0 . 6  20 . 0  - - - - - - 0 . 8  20 . 0  
0 . 4  1 0 . 0  - - -- - - 0 . 6  10 . 0  
0 . 3  20 . 0  - - - - - - 0 . 4  20 . 0  
0 . 3  20 . 0  - - - - -- 0 . 4  20 . 0  
0 . 1  1 0 . 0  0 . 5  0 . 5  1 0 . 0  - - - -
0 . 1  10 . 0  - - - - - - 2 . 0  1 0 . 0  
Understoryd 
RD F 
59 . 5  90 . 0  
0 . 8  1 0 . 0  
0 . 8  1 0 . 0  
1 5 . 7  70 . 0  
3 . 3 20 . 0  
- - - -
0 . 8  10 . 0  
2 . 5  30 . 0  
0 . 8  1 0 . 0  
- - --
1 . 6 20 . 0  
1 . 6 10 . 0  
- - - -
0 . 8  1 0 . 0  
0 . 8  10 . 0  
1 . 6 20 . 0  
Reproductione 
RD F 
5 1 . 8  90 . 0  
2 . 2  20 . 0  
2 . 9  20 . 0  
7 . 9  40 . 0  
3 . 6  30 . 0  
1 . 4 1 0 . 0  
15 . 8  30 . 0  
0 . 7  1 0 . 0  
1 . 4 1 0 . 0  
1 . 4 20 . 0  
0 . 7  1 0 . 0  
0 . 7  10 . 0  
0 . 7  1 0 . 0  1.0 IV 
TABLE 5 (continued) 
Overs tory 
Taxon Total Stemsa Residual Canopyb Sapl iBgsc UnderstP!Y� Reproductione 
I lex ambigua � montana 
Liriodendron tul ipifera 
Sassafras albidum 
Magnolia  fraseri 
RD 
aStems greater than 3 em dbh . 
b Stems greater than 1 0  em dbh . 
F RD RBA 
c Stems greater than 3 em and l ess than 1 0  em dbh . 
d Stems less than 3 em dbh and tal l er than 1 meter . 
e Stems less than 1 meter tal l .  
F RD F RD F RD F 
4 . 1  20 . 0  4 . 3  1 0 . 0 
2 . 5  1 0 . 0  0 . 7  20 . 0  
1 . 6 1 0 . 0 3 . 6  1 0 . 0  
0 . 8  1 0 . 0  
10 1,;.1 
TABLE 6 















Hamamelis  virginiana 
Carya tomentosa 
Quercus mari landica 
Carya g1abr� 
RELATIVE DENSITY OF OVERSTORY (N = 27) 
Overstorl 
Total Stemsa Residual Canopy b SaplinGsc 
RD F RD RBA F RD F 
29 . 3  1 00 . 0  7 . 5  4 . 8  63 . 0  36 . 0  100 . 0  
14 . 6  1 00 . 0  10 . 0  7 . 1  8 . 1 5 1 5 . 8  96 . 3  
1 1 . 7  9 2 . 6  14 . 5  1 2 . 4  77 . 8  1 0 . 9  88 . 9  
8 . 5  6 3 . 0  1 8 . 1 14 . 9  51 . 8  5 . 6  59 . 2  
7 . 8  81 . 5  14 . 5  21 . 0  74 . 1  5 . 8  66 . 7  
7 . 6 77 . 8  14 . 7  22 . 9  77 . 8  5 . 4  63 . 0  
6 . 6  74 . 1  8 . 5  4 . 8  59 . 2  6 . 0  66 . 7  
4 . 1  51 . 8  4 . 9  4 . 7  37 . 0  3 . 9  44 . 4  
2 . 7  51 . 8  2 . 1  3 . 1  1 8 . 5  2 . 8  51 . 8  
1 . 3 22 . 2  1 . 9 2 . 7  14 . 8  1 . 2  22 . 2  
1 . 0 1 8 . 5  0 . 2 0 . 1  3 . 7  1 . 3 18 . 5  
0 . 9  29 . 6  0 . 2  0 . 1  3 . 7  1 . 1  29 . 6  
0 . 6  22 . 2  0 . 2  0 . 1  3 . 7  0 . 7  1 8 . 5  
0 . 5  3 . 7  -- - - - - 0 . 7  3 . 7  
0 . 4  1 1 . 1  0 . 4  0 . 3  3 . 7  0 . 4  1 1 . 1  
0 . 4  3 . 7  0 . 6  0 . 3 3 . 7  0 . 3 3 . 7  
0 . 4  1 1 . 1  - - - - - - 0 . 4  1 1 . 1  
Understoryd 
RD F 
28 . 2  77 . 8  
39 . 9  85 . 2  
- - - -
0 . 3  3 . 7  
- - - -
3 . 4  25 . 9  
3 . 4  33 . 3 
2 . 5  22 . 2  
2 . 0  1 8 . 5  
1 . 7  14 . 8  
5 . 6  29 . 6  
3 . 6  25 . 9  
1 . 1  1 1 . 1  
0 . 8  3 . 7  
0 . 3  3 . 7  
0 . 6  7 . 4  
0 . 3  3 . 7  
Reproduction e 
RD F 
9 . 0  5 1 . 8  
4 2 . 8  88 . 9  
1 . 8 1 8 . 5  
0 . 8  7 . 4  
1 . 8  22 . 2  
9 . 5  59 . 3  
4 . 6 7 . 4  
3 . 4  1 8 . 5  
0 . 8  1 1 . 1  
3 . 1  25 . 9  
4 . 6  37 . 0  
0 . 3 3 . 7  
0 . 5  7 . 4 
2 . 8  3 . 7  
0 . 5  7 . 4 
1 . 0  3 . 7  
0 . 3 3 . 7  \0 � 
Taxon 
Magnolia  fraseri 




Amel anchier laevis 
Lirodendron tul ipifera 
Cornus florida 
Quercus alba 
I lex opaca 
� ambiqua var montana 
Rhus glabra 




0 . 3  14 . 8  
0 . 3  14 . 8  
0 . 2  7 . 4  
0 . 2  3 . 7  
0 . 2  7 . 4 
0 . 2  7 . 4  
0 . 1  3 . 7  
0 . 1  3 . 7 
0 . 1  3 . 7  
- - - -
- - - -
- - - -
- - - -
aStems greater than 3 em dbh . 
bStems greater than 1 0  em dbh . 
TABLE 6 (continued) 
Over story 
Residual Canopyb 
RD RBA F 
- - - - - -
- - - - - -
- - - - - -
0 . 6  1 . 6 3 . 7  
- - - - - -
- - - - - -
- - - - - -
- - - - - -
- - - - - -
- - - - - -
- - - - - -
- - - - - -
- - - - - -
c Stems greater than 3 em and l ess than 1 0  em dbh . 
dStems less than 3 em dbh and tal l er than 1 meter . 
eStems less than 1 meter tal l .  
Sapl in�s c Understoryd Reproductione 
RD F RD F RD F 
0 . 4  14 . 8  - - - - 0 . 3  3 . 7  
0 . 4  14 . 8  3 . 1  22 . 2  2 . 6  1 1 . 1  
0 . 3  7 . 4  0 . 8  7 . 4  0 . 8  1 1 . 1  
- - - - - - - - o . s  3 . 7  
0 . 2 7 . 4 0 . 8  3 . 7  2 . 6  3 . 7  
0 . 2  7 . 4 0 . 6  7 . 4  0 . 3  3 . 7  
0 . 1  3 . 7  - - - - 1 . 6 7 . 4  
0 . 1  3 . 7  0 . 3  3 . 7  
0 . 1 3 . 7  
- - - - 0 . 8  3 . 7  2 . 3  3 . 7  
- - - - - - - - 1 . 0  3 . 7  
- - - - - - - - 0 . 3  3 . 7  




CO�WOSITION OF THE VIRGINIA PINE-BLACKGUM REPLACEMENT TYPE ACCORDING TO 
RELATIVE DENSITY OF OVERSTORY (N = 1 3) 
Overs tory 
Taxon Total Stemsa Residual CanoEYb SaEl ingsc Understor}:: d ReEroduction e 
RD F RD RBA F RD F RD F RD F 
Pinus virginiana 30 . 8  1 00 . 0  4 2 . 8  32 . 8  84 . 6  27 . 1  1 00 . 0  1 5 . 1  4 6 . 2 3 . 1 23 . 1  
Nyssa sylvatica 24 . 3  100 . 0  8 . 1  5 . 8  61 . 5  29 . 4  1 00 . 0  23 . 8  92 . 3  1 1 . 7  46 . 2  
Oxydendrum arboreum 9 . 2  92 . 3  5 . 2  3 . 7  53 . 8  1 0 . 4  84 . 6  1 . 2  23 . 1  0 . 1  7 . 7  
Quercus coccinea 7 . 3  84 . 6  9 . 7  1 5 . 5  76 . 9  6 . 5  84 . 6  3 . 7  38 . 5  7 . 4  4 6 . 2  
. .  
Pinus rigida 6 . 7  76 . 9  1 0 . 1 16 . 8  53 . 8  5 . 6  53 . 8  0 . 3  7 . 7  1 . 2  1 5 . 4  
Acer rubrum 4 . 8  84 . 6  2 . 0  1 . 8 30 . 8  5 . 6  76 . 9  20 . 7  84 . 6  31 . 4  76 . 9  
Quercus prinus 4 . 1  69 . 2  1 0 . 5  1 . 2  53 . 8  2 . 1  53 . 8  1 . 5  30 . 8  
Pinus echinata 2 . 8  23 . 1  4 . 8 4 . 8 1 5 . 4  2 . 1  1 5 . 4  1 . 8  15 . 4  0 . 6  7 . 7  
Pinus strobus 2 . 2  61 . 5  0 . 8  0 . 8  7 . 8  2 . 6  53 . 8  2 . 5  38 . 5  8 . 1  2 3 . 1 
Pinus pungens 1 . 7  30 . 8  2 . 4  1 . 8  23 . 1  1 . 5  30 . 8  0 . 3  7 . 7  0 . 6  7 . 7  
Sassafras a1bidum 1 . 7  38 . 5  - - - - - - 2 . 3  38 . 5  9 . 9  53 . 8  20 . 3  4 6 . 2  
Quercus ve1untina 0 . 9  38 . 5  1 . 2  2 . 2 1 5 . 4  0 . 8  30 . 8  3 . 6  15 . 4  3 . 7  38 . 5  
Cornus florida 0 . 8  23 . 1  0 . 4 0 . 2  7 . 7  0 . 9  23 . 1  0 . 3  7 . 7  
Quercus marilandica 0 . 7  7 . 7  0 . 4  0 . 2  7 . 7  0 . 8  7 . 7  0 . 9  7 . 7  
Quercus alba 0 . 6  1 5 . 4 0 . 8  0 . 5  7 . 7  0 . 5  1 5 . 4  0 . 6  1 5 . 4  2 . 5  23 . 1 
Quercus fa1 cata 0 . 5  7 . 7  0 . 8  0 . 5  7 . 7  0 . 4  7 . 7  0 . 3  7 . 7  
Arne1anchier 1aevis 0 . 3  1 5 . 4  - - -- - - 0 , 4  1 5 . 4  - - - - 0 . 6  7 .  7 tO 
0\ 
TABLE 7 (continued) 
Overs tory 





I l ex ambigua var montana 
Magnolia  fraseri 
Acer pennsylvanicurn 
Carya tomentosa 
I l ex opaca 
Primus serotina 
RD 
0 . 2  
0 . 2  
0 . 2  
0 . 1  
a Stems greater than 3 em dbh . 
F 
15 . 4  
7 . 7  
7 . 7  
7 . 7  
bStems greater than 1 0  em dbh . 
RD RBA 
c Stems greater than 3 em and l ess than 10 em dbh . 
dStems l ess than 3 em dbh and tal l er than 1 meter . 
eStems less than 1 meter tal l . 
F RD 
0 . 2  
0 . 2 
0 . 2 
0 . 1  
F RD F RD F 
1 5 . 4  0 . 3  7 . 7  
7 . 7  2 . 8  7 . 7  0 . 6  7 . 7  
7 . 7  1 . 2 7 . 7  
�: 
7 . 7  0 . 9 - 1 5 . 4  
8 . 6  23 . 1  
1 . 2  15 . 4  
0 . 3  7 . 7  0 . 6  7 . 7  
0 . 3  7 . 7 
0 . 3  7 . 7  

























RELATIVE DENSITY OF OVERSTORY (N = 9) 
Overs torr 
Total Stems a Residual CanoEYb Sa,El ings
c 
RD F RD RBA F RD F 
20 . 2  1 00 . 0  4 2 . 2  4 2 . 3  1 00 . 0  1 2 . 8  1 00 . 0  
1 5 . 8  100 . 0  1 . 5  1 . 3  22 . 2  20 . 7  1 00 . 0  
1 0 . 2  88 . 9  6 . 1  5 . 0  44 . 4  1 1 . 6  88 . 9  
9 . 9  66 . 7  2 . 5  1 . 6 44 . 4  1 2 . 4  66 . 7  
9 . 3  100 . 0  1 1 . 7  1 2 . 2 55 . 6  8 . 4 88 . 9  
8 . 0  88 . 9  6 . 6  6 . 3  44 . 4  8 . 4  88 . 9  
6 . 8  100 . 0  6 . 1 4 . 3  55 . 5  7 . 1  100 . 0  
4 . 0  33 . 3  3 . 0  2 . 0  22 . 2  4 . 3  33 . 3  
3 . 6  77 . 8  2 . 5  2 . 4  33 . 3  4 . 0  77 . 8  
3 . 0  66 . 7  5 . 1 8 . 2  66 . 7  2 . 2  55 . 6  
2 . 3  33 . 3  8 . 1  1 1 . 5  33 . 3  0 . 3  22 . 2  
2 . 1  33 . 3  3 . 0  2 . 3  2 2 . 2 1 . 7  22 . 2  
1 . 4 44 . 4  0 . 5  0 . 3  11 . 1  1 . 7  44 . 4  
1 . 0 22 . 2  - - - - - - 1 . 4 22 . 2  
0 . 8  33 . 3  - - - - - - 1 . 0 33 . 3  
0 . 6  33 . 3  - - - - - - 0 . 9  33 . 3  
0 . 3  22 . 2  0 . 5  0 . 3 1 1 . 1  0 . 2  1 1 . 1  
Understory d 
RD F 
9 . 4  44 . 4  
4 5 . 6  1 00 . 0  
1 6 . 7  66 . 7  
0 . 7  1 1 . 1  
0 . 7  1 1 . 1  
0 . 7  1 1 . 1  
1 . 4 22 . 2  
- - - -
- - - -
2 . 2  33 . 3 
2 . 2  22 . 2  
3 . 6  33 . 3  
4 . 4  44 . 4  
3 . 6  22 . 2  
ReEroduction e 
RD F 
1 1 . 5  44 . 4  
8 . 6  44 . 4  
34 . 6  77 . 8  
1 . 0 1 1 . 1  
5 . 8  22 . 2  
3 . 8  33 . 3  
1 . 0 1 1 . 1  
3 . 8 22 . 2 
2 . 9  1 1 . 1  
1 3 . 5  77 . 8  
1 . 9  1 1 . 1  \0 00 
Taxon 
Quercus ste1 lata 
Robinia pseudoacacia 






! l ex ambigua var montana 
� pennsy1vanieum 




0. 3 1 1 . 1  
0 . 1  1 1 . 1  
0 . 1  1 1 . 1  
0 .1 1 1 . 1  
0 . 1 1 1 . 1  
aStems greater than 3 em dbh . 
bStems greater than 10 em dbh . 
TABLE 8 (continued) 
Overs tory 
Residual Canopyb 
RD RBA F 
0 . 5  0 . 3  1 1 . 1  
e Stems greater than 3 em and l ess than 1 0  em dbh . 
d Stems l ess than 3 em dbh and tall er than 1 meter . 
e Stems l ess than 1 meter tal l .  
SaE1 ings c Understoryd Reproductione 
RD F RD F RD F 
0 . 3  1 1 . 1  
- - - - 1 . 4 22 . 2  
0 . 2 1 1 . 1  
0 . 2  1 1 . 1  - - - - 1 . 0 I L l 
0 . 2  1 1 . 1  - - - - 1 . 0  1 1 . 1  
4 . 4 1 1 . 1  
2 . 2 33 . 3  3 . 8  22 . 2  
0 . 7  1 1 . 1  
2 . 9  . 1 1 . 1  
1 . 0 1 1 . 1  
1 . 0 1 1 . 1  
1 . 0 1 1 . 1  
\0 \0 
TABLE 9 
COMPOSITION OF THE TABLE �IDUNTAIN PINE-P ITCH PINE REPLACEMENT TYPE 
ACCORDING TO RELATIVE DENSITY OF OVERSTORY (N = 10) 
Overs torr 
Taxon Total Stemsa Residual CanOEYb SaEl ings
c Understory d ReEroductione 
RD F RD RBA F RD F RD F RD F 
Pinus pungens 4 3 . 2  100 . 0  72 . 5  76 . 2  90 . 0  35 . 1  1 00 . 0  4 . 6  30 . 0  1 . 2  10 . 0  
Pinus rigida 27 . 1  80 . 0  1 4 . 6  1 3 . 6  70 . 0  30 . 5  80 . 0  14 . 6  40 . 0  3 . 8  30 . 0  
Nyssa sylvatica 9 . 4  1 00 . 0  1 . 7 1 . 4 30 . 0  1 1 . 5  1 00 . 0  8 . 5  60 . 0  8 . 8  20 . 0  
Acer rubrum 7 . 0  90 . 0  2 . 5  2 . 0  20 . 0  8 . 3  90 . 0  36 . 9  90 . 0  58 . 8  90 . 0  
Oxydendrum arboreum 3 . 4  70 . 0  3 . 3  2 . 4  50 . 0  3 . 4  70 . 0  0 . 8  1 0 . 0  
Sassafras albidum 3 . 1  60 . 0  0 . 4  0 . 3  1 0 . 0  3 . 8  60 . 0  1 1 . 5  30 . 0  3 . 8  30 . 0  
Quercus coccinea 1 . 8  30 . 0  1 . 7  1 . 4 20 . 0  1 . 8  30 . 0  - - - - 6 . 2 40 . 0  
Castanea dentata 1 . 3 40 . 0  -- -- -- 1 . 6  40 . 0  3 . 8  40 . 0  
Quercus prinus 1 . 2  40 . 0  2 . 1 1 . 8  30 . 0  0 . 9  30 . 0  1 . 5  10 . 0  
Hamamel i s  virginiana 1 . 0  30 . 0  -- -- -- 1 . 4 30 . 0  3 . 8  1 0 . 0  2 . 5  10 . 0  
Amelanchier laevis 0 . 6  20 . 0  0 . 4  0 . 3  10 . 0  0 . 7  30 . 0  6 . 2  10 . 0  
Tsuga canadens is 0 . 4  20 . 0  0 . 8  0 . 6  20 . 0  0 . 3  20 . 0  0 . 8  1 0 . 0  2 . 5  1 0 . 0  
Quercus rubra 0 . 2  10 . 0  - - - - - - 0 . 2 1 0 . 0  
Pinus strobus 0 . 1  10 . 0  -- - - - - 0 . 1 1 0 . 0  
Betula l enta 0 . 1 1 0 . 0  -- - - - - 0 . 1 1 0 . 0 
Robinia pseudoacacia 0 . 1  10 . 0  - - - - -- 0 . 1  1 0 . 0  
! l ex ambigua var montana 4 . 6 4 0 . 0  .... -- -- -- - - - - -- -- - - -- 0 - 0 
TABLE 9 (continued) 
Overs tory 




Magnol ia fraseri 
Quercus rubra 
Cornus florida 
! l ex opaca 
RD 
aStems greater thari 3 em dbh . 
bStems greater than 10 em dbh . 
F RD RBA 
c Stems greater than 3 em and l ess  than 10 em dbh . 
d Stems less than 3 em dbh and tal ler than 1 meter . 
e Stems l ess than 1 meter tal l .  
F RD F RD F RD F 
1 . 5  10 . 0  
0 . 8  10 . 0  5 . 0  40 . 0  
2 . 5  20 . 0  
2 . 5  10 . 0  
1 . 2  1 0 . 0  
1 . 2  10 . 0  
1 . 2 10 . 0  
..... 
0 ..... 
TABLE 1 0  
SIMPLE LINEAR CORRELATIONS BETWEEN S ITE AND COVER VARIABLES* 
Slope % Solar So il 0 pH of P in K in Kil l  Herb Low 
El ev .  Aspect Pos , Slope Radiation Depth Depth A A A Size Cove1· Shrub 
Elev .  1 . 00 - . 23b . 22b . 2Sb . 68a - . 4 7  a . 59a 
Aspect 1 . 00 - . 47a - . 38a . 4 2a - . 2Sb 
Slope Pos . 1 . 00 - . 4Sa - . 34a . 29a . 36 
a 
% Slope 1 . 00 . 4 la - . 2Sb . 27b - . 26 b 
Sol ar 1 . 00 - . 2Sb - . 4 2a 
Radiation 
Soil  Depth 1 . 00 
0 Depth 1 . 00 - . SO a . 57a 
pH of A 1 . 00 - . 44a 
P in A 1 . 00 . 3la 
K in A 1 . 00 
Kil l  Size 1 . 00 
Herb Cover 1 . 00 
Low-Shrub 1 . 00 
Tal l -Shrub 
*For all  variables other than aspect,  N = 8 1 ; for aspect and its correlates ,  N = 70 . 
aS ignificant at P = 0 . 01 .  









- . 49a 
. 23b 
. 4 7a 
1 . 00 
..... 
0 N 
TABLE 1 1  
SUIPLE LINEAR CORRELATIONS BETWEEN OVERSTORY ABSOLliTE DENSITIES AND SITE AND COVER VARIABLES* 
- - -- - - ·-
Site and Cover Variables 
Slope % Sol ar Soi l  0 pH of P in K in Kil l Herb Low 
Overs tory Elev . Aspect Pos . Slope Radiation Depth Depth A A A Size Cover Shrub 
Total - . 32a . 34a 
Pine . 38a . 29a . 34a - . 48a . 4Sa 
Table M. P .  . 52a . 29a . 47a - . 44a - . 2 2
b . 4 9a 
Pitch P .  . 44a . 36a - . 4la . soa 
Virginia P 
Oak - . 31 a . 24b 
Scarlet 0.  - . 27b . 23b - . 26b . 30a 
Chestnut 0 . 23b 






Dogwood - . 5 2a . 33a - . 47  a . 4 2a - . 39a 
*For all  variables other than aspect , N = 9 1 ;  for aspect and its correl ates , N = 70 . 
aSignificant at P = 
bs . · f · P 1gn1 1cant at = 
0 . 01 .  






- . 2Sb 
- . 27 a 
..... 
0 (,a 
TABLE 1 2  
SI�WLE LINEAR CORRELATIONS BETI�EEN OVERSTORY ABSOLUTE DENSITIES (N = 81)  
Total Pine T . M . P . P . P .  V . P .  Oak s . o .  c . o . R . M. Bg . 
Total 1 . 00 . 75a . 62a . 67a . 24b 
Pine 1 . 00 . 83a . 83
a . 28b - . 26b - . 22b - . 26 b 
Tab le M . P . 1 . 00 . 72a - . 34a - . 22b 
Pitch P .  1 . 00 
Virginia P .  1 . 00 b - . 23 
Oak 1 . 00 . 70
a . 43a . 22b 
Scarlet 0 .  1 . 00 
Ches tnut 0 .  1 . 00 
Red Maple 1 . 00 - . 29 
a 
Blackgum 1 . 00 
Dogwood 
aSignificant at P = 0 . 01 .  
bSigni ficant at P = 0 . 05 .  
Dw . 
- . 26b 
- . 22b 
- . 26b 
1 . 00 
..... 
0 � 
TABLE 1 3  
SIMPLE LINEAR CORRELATIONS BETIVEEN UNDERSTORY ABSOLUTE DENS ITIES AND SITE AND COVER VARIABLES* 
Site and Cover Variables 
Slope % Solar Soi l 0 pH of  P in K in Kil l  Herb 
Understory Elev .  Aspect Pos . Slope Radiation Depth Depth A A A Size Cover 
Total - .  37a - . 26b - . 29 a 
Pine 
Table M. P .  . 23b . 24b 
Pitch P .  . 26b 
Virginia P .  - . 28b 
Oak - . 29 a - . 28 
b 
Scarlet 0 .  
Chestnut o .  - . 30a - . 26b 
Red Maple . 28b 
Blackgum 
Dogwood - . 33 a . 57a - . 56 a - . 22b . 4 2a 
*For all  variables  other than aspect ,  N = 81 ; for aspect and its correlates , N = 70 . 
aSignificant at P = 0 . 01 . 









TABLE 1 4  
S IMPLE LINEAR CORRELATIONS BETI�EEN OVERSTORY AND UNDERSTORY­
REPRODUCTION ABSOLUTE DENSITIES (N = 81)  
Understory Total Pine T . M . P .  P . P .  V . P .  Oak S . O .  C . O .  R .M .  Bg . Ow .  
Total 
Pine 
Table M. P .  
Pitch P .  
Virginia P .  
Oak 
Scarlet 0 .  







Table M. P .  
Pitch P .  
Virginia P .  
Oak 
Scarlet 0 .  
Chestnut 0 .  






. 4 2a 
. ssa 
. S la 
. 63a 
- . 32
a - . 2Sb 
b - . 27 - . 25 
aSigni fic ant at P = 0 . 01 . 
bs · · f · P �gn1 1cant at = o . os .  
. 34a 
. S la 
- . 2Sb 
. 2Sb 
• 
23b . 31  a 
. 44a . 3Sa - . 28b . 36a 
. 23b . 24b 







TABLE 1 5  
SU1PLE LINEAR CORRELATIONS BETWEEN UNDERSTORY ABSOLUTE DENSITIES 
Understory Total Pine T .M .P . P . P . V . P .  Oak s . o .  c . o .  R . M. 
Total 1 . 00 . 57a . S2a . 49a . 2Sb . 48a . 64a 
Pine 1 . 00 . 38a . 4 7a . 88a . Sla . 4 la . 37a 
Table M . P . 1 . 00 . 79a 
Pitch P . 1 . 00 
Virginia P .  1 . 00 . 58a . 4 8a . 39a 
Oak 1 . 00 . 8Sa . 4Sa 
Scarlet 0 .  1 . 00 
Chestnut o .  1 . 00 




aSignificant at P = 0 . 0 1 . 
bSignificant at P = 0 . 05 .  
Bg . Dw • 
. 2Sb · . 31 a 
1 . 00 
1 . 00 
-
0 � 
TABLE 16  
SIMPLE LINEAR CORRELATIONS BETiqEEN REPRODUCTION ABSOLUTE DENSITIES AND SITE AND COVER VARIABLES 
Site and Cover Variables 
S lope % Sol ar Soil 0 pH of P in K in Kil l  Herb 
Understory Elev . Asp_ect Pos . S lope Radiation Depth Depth A A A S i ze Cover 
Total - . 36a . 30b - . 22b - . 36 a . 4l
a - . 23 b 
Pine . 24b 
Table M. P .  
Pitch P .  
Virginia P .  ! 30
b 
Oak - . 33a - . 45 a . 38a - . 26 b 
Scarlet 0 .  - . 4 2a . 30a 
Chestnut 0 .  
Red Mapl e  - . 29a 
Blackgum 
• 
29b - . 27 b . 23b . 22b 
Dogwood - . 31 a . 40a - . 35 a - . 22 b . 34
a 
*For a l l  variables other than aspect , N = 8 1 ; for aspect and its correl ates , N = 70 . 
aSignificant at P = 
bs . · f . P 1gn1 1cant at = 
0 . 0 1 . 
o . os .  
Low Tal l  
Shrub Shrub 
- . 39a - . 34 
a 
- . 27b 
- . 3la 
- . 28b - . 23 b 
- . 28b 
- . 28b 
.... 
0 co 
TABLE 1 7  
S IMPLE LINEAR CORRELATIONS BETWEEN UNDERSTORY AND 




Table M . P . 
Pitch P .  
Virginia P .  
Oak 
Scarlet 0 .  







aSignificant at P = 0 . 0 1 . 
bSignificant at P = 0 . 05 . 
T . M . P .  
. 24b 





V . P .  Oak S . D .  c . o .  R . M .  
. 26b 








TABLE 1 8  
SI�W LE LINEAR CORRELATIONS BETI�EEN REPRODUCTION ABSOLUTE DENSITIES ( N  = 81)  
Total Pine T .M . P .  P . P .  V . P .  Oak s . o . c . o .  R. M. 
Total 1 . 00 . 3l






Pine 1 . 00 . 23
b . 57a . 83
a 
Table M . P .  1 . 00 
Pitch P . 1 . 00 . 38
a 
Virginia P .  1 . 00 
Oak 1 . 00 . 77a . 2Sb 
Scarlet 0 .  1 . 00 
Chestnut o .  1 . 00 




aSignificant at P = 0 . 0 1 . 
bSignificant at P = 0 . 05 .  
Bg . 






1 . 00 
...... ...... 
0 
1 1 1  
TABLE 1 9  
REGRESSION EQUATIONS FOR TOTAL STEM ABSOLUTE DENSITY 
Overstory stems/ha = 9381 . 87 - 1 183 . 98 (pH of A) -7 . 79 (So lar Rad . )  +10 . 60 
(% Slope) 
2 R = 0 . 1 7 
Understory stems/ha = -8054 . 37 -1 . 30 (Elev) -484 . 5 ( Ki l l  si ze) +23 . 02 
2 R = 0 . 27 
(K  in A) 
-35 . 7 2 (0 depth) + . 85 (Tot .  overstory) +3102 . 4 1  
(pH o f  A) 
Reproduction stems/ha = - 1 39553 . 04 -481 . 18 ( Low-shrub cover) -5294 2 . 35 
(pH of A) 
-36627 . 72 (Slope pos . )  -5329 .44 (Ki l l  si ze) 
-534 . 4 2  (% Slope) +2 . 00 (Tot : understory) 
2 R = 0 . 44 
1 1 2  
TABLE 20 
REGRESSION EQUATIONS FOR PINE ABSOLUTE DENSITY 
Overstory stems/ha = 6839 . 91 - 1 567 . 4 3 (pH of A) + 15 . 94 (% Slope) +600 . 35 
(Slope position) 
2 R = 0 . 1 7 
Understory stems/ha = 307 . 99 +1091 . 88 (Slope pos . )  + . 34 (Tot . overstory) 
- . 30 (E1ev . ) -1 1 . 02 (Soil  depth) 
2 R = 0 . 14 
Reproduction stems/ha = 2900 . 9  - 27 . 23 (Tal l -shrub cover) 
2 R = 0 . 07 
1 1 3  
TABLE 21 
REGRESSION EQUATIONS FOR TABLE �DUNTAIN PINE ABSOLUTE DENSITY 
Overstory stems/ha = 1 879 . 58 + . 22 (Elev . )  -51 1 . 34 (pH of A) +5 . 34 (% Slope) 
2 R = . 35 
Understory stem/ha = - 1 37 . 04 + . OS (Tot . overstory) +1 . 54 (% Slope) 
2 R = . 1 3 
Reproduction stem/ha = - 266 . 92 + . 45 (Elev . )  - 1 25 . 25 (0 depth) 
R2 = . 1 0 
TABLE 22 
REGRESSION EQUATIONS FOR PITCH PINE ABSOLUTE DENSITY 
Overstory sterns/ha = 1 899 . 68 + . 1 5 (Elev . )  -4 39 . 34 (pll of  A) 
2 R = 0 . 25 
Understory sterns/ha = -500 . 85 + . 28(Tot .  overstory) 
R2 = 0 . 28 
Reproduction sterns/ha = (No acceptable equations) 
1 14 
TABLE 23 
REGRESS ION EQUATIONS FOR VIRGINIA P INE ABSOLUTE DENSITY 
Overstory stems/ha = 2203. 39 - . 14 (E1ev . )  - 374 . 70 (pH of A) 
R2 = 0 . 09 
Understory stems/ha = 448 . 09 - . 32(E1ev . )  +663 . 89 (S1ope position) 
R2 = 0 . 1 2 
Reproduction stems/ha = 1731 . 44 -22 . 95 (Ta1 1-shrub cover) 
R2 = 0 . 09 
1 1 5  
1 16 
TABLE 24 
REGRESSION EQUATIONS FOR OAK ABSOLUTE DENSITY 
Overstory stems/ha = (No acceptable equations) 
Understory stems/ha = 891 . 84 -9 . 60(Soi1  depth) - . 21 (Elev . )  +539 . 4 3 (Slope 
position) +3 . 46 (Low-shrub cover) 
R2 = 0 . 30 
Reproduction stems/ha = 1 14950 . 26 -707 . 03(0 depth) +5993 . 4 9 (pll of A) 
-444 8 . 77 (S1ope position) -34 . 67 (Low-shrub cover) 
R2 = 0 . 31 
TABLE 25 
REGRESSION EQUATIONS FOR SCARLET OAK ABSOLUTE DENSITY 
Overstory stems/ha = 1 15 . 59 - 2 . 42 (% Slope) +l . 70 (Soil  depth) 
2 R = 0 . 1 0  
Understory stems/ha = (No acceptable equations) 
1 1 7  
Reproduction s terns/ha = - 24720 . 91 -768 . 91 (0 depth) +1 . 74 (Elev . )  + 37 . 82 
(Solar Rad . )  +4098 . 48 (pH of A) - 25 . 9l (Low-shrub 
cover) -50 . 89 (% Slope) 
2 R = 0 . 30 
TABLE 26 
REGRESSION EQUATIONS FOR CHESTNUT OAK ABSOLUTE DENSITY 
Overstory stems/ha = -96 . 03 + . 07 (Elev . )  - 14 . 07 (0 depth) + . 83 (K in A) 
2 R = 0 . 1 3  
Understory stems/ha = 23 . 1 7 - 17 . 74 (Ki l l  size) + . 64 ( Low-shrub cover) 
+ . 60 ( K  in A) - . 0 2 (Elev . )  
2 R = 0 . 1 8 
Reproduction stems/ha = (No acceptable equations) 
1 18  
TABLE 27 
REGRESSION EQUATI ONS FOR RED ��PLE ABSOLUTE DENSITY 
Overstory stems/ha = 2031 . 98 -5632 . 7 (Slope pos . )  -4 . 80 (So1 ar Rad . )  
+ . 1 l (Elev . )  -4 . 66(%  Slope) 
R2 = 0 . 22 
Understory stems/ha = -94 18 . 89 +2291 . 82 (pH of A) 
R2 = 0 . 08 
Reproduction stems/ha = 74447 . 68 - 210 . 46 ( K  in A) -24 9 . 97 (1lerb cover) 
- 164 . 4 2 (So1ar Rad . )  - 1 14 . 99 ( Low-shrub cover) 
+S . 92 (E1ev . )  + . 94 (Tot . understory) 
R2 = 0 . 23 
1 19  
TABLE 28 
REGRESSION EQUATIONS FOR BLACKG�f ABSOLUTE DENSITY 
Overstory stems/ha = -576 . 69 +79 . 8l (P in A) +2 . 54 (Solar Rad . )  
R2 = 0 . 1 1 
Understory stems/ha = 2255 . 28 -151 . 4 1 (0 depth) + 1 1 . 29 (K in A) +1 3 . 05 
(Solar Rad . )  - 1 232 . 76 (pH of A) 
2 R = 0 . 18 
Reproduction stems/ha = 1 092 . 24 +2 . 24 (Elev . )  -61 0 . 8 8 (0 depth) -31 . 44 
(Tal l -shrub cover) 
R2 = 0 . 1 7 
1 20 
TABLE 29 
REGRESSION EQUATIONS FOR DOffi�OOD ABSOLUTE DENSITY 
Overstory stems/ha = 148 . 04 -0 . 1 3 (Elev) - 3 . 02 (Solar Rad . )  
+ 23 . 1 3 ( 0  depth) +197 . 96 (pH of A) 
+ 2 . 1 8 ( %  slope) 
2 R = 0 . 50 
Understory stems/ha = 928 . 60 -31 . 32(Solar Rad . )  +1 764 . 2l (pH of  A) 
+ 23 . 80 (% slope) - 7 . 75 (1ow- shrub cover) 
- 140 . 76(ki l l  size) 
2 R = 0 . 5 3 
Reproduction stems/ha = -26512 . 25 -21 7 . 90 (Solar Rad . )  
- 153 . 99 ( low- shrub cover) 
+ 21533 . 84 (pH of A) 
2 R = 0 . 26 
1 2 1  
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